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CHATS WITH THE EDITOR 


Nw that we are embarking on the 


“second leg”” of our mathematical 


journey, it seems appropriate, in 


this first issue devoted to applied 
mathematics, to sound once again a 


few words of caution. 


In the first place, some of you, in 


your eagerness to "get ahead” with 


this part of the course, may feel in- 
clined to jump right into the reading 
of this issue even though you still 


have some unfinished work left over 


from preceding issues. If you do 
this, don’t be surprised if, at some 
point, you find yourself suddenly 


. wondering what it's all about. You 


will have no difficulty up to a certain 
point, probably, but past that point 
things will be anything but clear. 
This point—a variable, depending 
on how far you have carried your 


study of theoretical mathematics— 


will differ for different readers. 
Caution number one: When you 
reach that point, take it as a signal 


_ for some review. Turn back to your 


file of the earlier issues and pick up 
the thread at the point where you 


- seem to have dropped it. Perhaps, in 
the light of the applications now being 


made, some of the formulas which 
seemed useless and stuffy will begin 
to take on new meaning for you. 
Caution number two: The chances 
are still ten to one that most of your 
errors will be in a simple arithmetic. 


. You will remember that we quoted 


statistics on that point in earlier 
chats and urged you to give particu- 
lar care to building up a good founda- 
tion. Even the staff of mathematical 


experts whom we have employed to 
- solve the exercises in this course have 
shown weaknesses in the fundamental 


operations. Not all of these weak- 
nesses—in their cases or in your 
case—are due to ignorance; many 
of them are due to carelessness (or, 
perhaps, it would be better to say 
haste). With our attention fo- 
cussed on the larger issues involved 
in a problem, we are all of us prone 
to overlook the trouble which an un- 
guarded use of a partially-learned 
and ill-remembered set of values 
may cause. 

It’s something like the difficulties 
we sometimes have in using the 
telephone. Most of us have had the 
experience, at some time or other, 
of calling a number which is per- 
fectly familiar to us, a number that 
we call day after day. On a particular 
occasion, for no apparent reason, we 
inadvertently transpose the digits 
that make up the number and thus 


get the “wrong party”. That is the 


reason the telephone companies warn 
us always to consult the directory if 
we have any doubt whatever about 
the number. - 

That same injunction should apply 
in your work in mathematics. When- 
ever you are in doubt as to the cor- 
rect value to be used, consult the 
proper table to get the value. If 
you are constantly working with cer- 
tain values, you will find, after some 
use, that you do not need to verify 
familiar values every time you come 
to them. Most of us know that r is 


3l or 9.14; many of us know that it 


is 9.1416 or 3.14159. Few of us have 
occasion to use it exact to the fif- 
teenth decimal place, and it is sheer 
braggadocio or time-extravagance to 
bother to learn its value that exactly. 
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By this time, you should have 
developed for yourself a list of the 
values which you are constantly need- 
ing in your work and should have 
made those particular values as 
readily comprehensible as 2x2. If 
there are some you feel you ought to 
know better than you do, jot them 
down on a small card, which can be 
carried readily in your pocket. At 
odd moments during the day, when 
riding to or from work, when adjust- 
ing your necktie or scraping the beard 
off your chin, or when you find an 
idle moment, consult the card and 
commit to memory a few more values. 


Caution number three: Don’t try to 
learn too many new values at once. 
Select two or three as your special 
project for the day; concentrate on 
these until you have mastered them. 
On the following day, review these 
and add two or three more. On the 
third day, review the whole half- 
dozen and add another trio. When 
you feel that you know any particu- 
lar values well—after five or six or 
ten days of review in this fashion— 
drop them off your daily list, but 
plan to return to them once a week 
for a while thereafter. You'll sur- 
prise yourself after a while at the 
amount of memorized material which 
you have been built up. 


Caution number four: In the same 
way, plan to review from time to 
time a whole article which you have 
previously studied. Maybe you’re 
getting a little rusty on logarithms. 
Maybe you are finding difficulty in 
getting the exact readings from the 
slide rule which you feel you ought 
to be getting. Perhaps the binomial 
theorem is a bit hazy in your mind. 
It may be that some of the trigo- 
nometric formulas which you took in 
stride when you studied the issue are 
not so readily called to mind in case 
of need as they were when you were 
. working on that issue. You may have 
forgotten the formula for finding the 


value of an angle of a regular poly- 
gon or for finding the volume of a 
solid figure. At the very moment 
when you find uncertainty on a point 
like this, resolve to take time out to 
go back and check yourself on this 
matter. That's the way to make 
these applied issues serve their pur- 
pose in helping you to strengthen 
your acquisition of the whole realm 
of mathematics. 


Another point that I feel I ought 
to mention again at about this time: 
Are you filing your solutions in an 
orderly fashion, so that you may 
refer to them easily when you have 
occasion to review any particular 
topic? As we have suggested in the 
introduction to the workbook which 
accompanies this series, orderliness 
in setting up problems often helps 
in spotting errors which may have 
crept in along the way. 


It may seem like a waste of time, 
but it’s good policy, nevertheless, 
to check every solution. We have 
given you suggestions all along the 
way, in the theoretical issues, of 
various devices which may be util- 
ized for verifying the accuracy of a 
solution. A check at each step in the 
development of a long and intricate 


problem may save you the labor of- 


doing a whole problem over again 
if you wait until you get to the very 
end before making the check. Any 
time that you use a “wrong” figure 
in a step, that step is worthless; 
make sure, then, that the figure is 
correct before you incorporate it in 
your further calculations. 


In most of the work in applied 
mathematics, you can save yourself a 
great deal of figuring if you learn to 
rely on the logarithm tables or the 
slide rule. Most of what you need 
to know about these subjects has 
been covered in the articles in Issues 
Two and Seven. There are many 
additional “wrinkles?” which you can 
train yourself to pick up in specific 
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uses. Any of the slide-rule manuals 
or the introductory matter in the 
front part of books on the larger 
logarithmic tables will help you to 
amplify your use of these devices. 
Until you are sure of yourself in 
using logs or the slide rule, it 1s good 
practice to work the solution out 
the “hard way”, going through the 
writing of the multiplications and 
divisions, and then checking your 
solution by the mechanical methods. 
If you come out right to the indicated 
number of significant figures, you 
may be sure that you are grasping 
the principles in using logs or the 
slide rule. When you are thus as- 
sured of your proficiency, you may 
discard the “long, hard” way and 
rely on the mechanical means of 
saving time. | 
Now, a word about the present 
issue. We publish here two major 
articles: one on construction engi- 
neering and one on machine-shop 
practice. Perhaps these are not the 
subjects in which you have been 
particularly interested or for which 
you feel that you are going to have 
a particular need. Surprisingly 
enough, you may discover, as I did 


when the manuscripts came in, that 


there is a great deal in these subjects 
which everyone ought to know just 
as a matter of general knowledge. 

If, then, you are, like me, merely 
a “consumer” of the information in 
this issue rather than an active 
worker in these fields, you will, of 
course, be more concerned with fol- 
lowing through the steps by which 
the processes are built up than with 
committing to memory the formulas 
which would be used under given con- 
ditions. On the other hand, if you 
are vitally concerned with either 
one of these topics, you will desire 
to give your major attention to its 
development. 





As Mr. Sollenberger points out in 
the introductory section of his article, 
everyone is, daily, dependent on 
construction engineering for his own 
safety and welfare. As we follow 
along with Mr. Sollenberger, we 
discover that more enters into the 
problem than would have seemed 
from casual observation, when we 
watched a building in process of 
erection, to be the case. Even the 
seemingly simple problem of where 
the painter should tie the anchorage 


of his scaffold takes on new implica- 


tions when we find it in its context 
here. : 

Mr. Benedict's article, the fruit 
of years of experience in an eminently 
practical institution, reduces to sim- 
plest terms the mathematical prin- 
ciples which one needs to know for 
calculating the ordinary operations 
in a machine shop. With the present 
trend of many white-collar workers 
toward industrial jobs as a part of the 
war effort, we believe that this arti- 
cle will prove one of the most popular 
and beneficial in our whole series. 

It will be an interesting exercise, 
in connection with either one of these 
articles, to go through and try to 
determine for yourself just how big a 
part arithmetic plays in the solution 
of the problems. You will be calling 
on the higher branches for help at 
various points, it is true, but every 
formula, at some point, resolves into 
a demand for a simple arithmetical 
calculation. (Yes, I’m harping on 
the same old theme, again! That’s 
one point that I hope to get across 
to you before this course is over.) 

We shall proceed next to a consid- 
eration of the use of mathematics in 
problems of heat and chemistry. In 
Issue Number Eleven, Dr. Hynes and 
Dr. Pickering will guide your think- 
ing along these lines. 


SK: 
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pue manuscript on machine-shop 
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upon a great wealth of practical ex- 
perience as well as theoretical knowl- 
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Scranton, Pennsylvania. An early 
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was manifested by his decision to 
enter the Scranton Technical High 
School. After graduation, he spent 
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Pratt, Mr. Benedict went for a year 
with Yale & Towns, Stamford (Con- 
necticut) lock manufacturers. He re- 
turned to the Institute to begin a 
tenure as instructor which at the 
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and author of Machine Shop Manual, 
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LESSON 


e STRUCTURAL ENGINEERING > 


By Norman J. Sollenberger, M.Sc. in C.E. 


m EE structure, whether it be large or small, will impress 
the individual in a multitude of ways. Some regard the structure as 
a mere convenience and do not give it a second thought. Others will 
see in this object a beauty which cannot be expressed in any other 
way than as an excellent blend of usefulness, economy, and appearance. 
Only the trained engineer who 1s the force behind the erection of the 
structure can see the endless planning, the many details, and the 
assortment of skills that were required to produce the object we have 
referred to asa structure. This structure may be a towering skyscraper, 
a long suspension bridge, a sleek body of an airplane, or a small delight- 
ful cottage in your neighborhood. | 


The architect 1s the first man to consult 1f one wishes to bring a new 
structure into being. He is the man who suggests its size, its shape, 
and its color combination; and he should also suggest certain additions 
or corrections which would 1ncrease the convenience or economy of the 
resulting structure. 


Next to come into the picture is the structural engineer, who takes the 
suggested size and shape and determines the actual size of each beam and 
wall required. He is the man who is well founded in mathematics and 
physics, for the scientific approach to this subject has proved to pay 
many dividends. To use a beam which is twice the size required is poor 
economy, and to use a beam which is half the size required is obviously 
suicidal. The public places its collective life in the hands of structural 
engineers many times each day by simply walking into a building or 
across a bridge. 


If the structure is small, the architect may act as the structural 
engineer, and he may also select the beams in the structure by arbitrary 
rules based upon experience. To this architect, the design of a structure 
is an empirical procedure and not a science. For a small structure, a 
skillful architect may be adequate; but, for a large structure, modern 
know edge demands the scientific approach to the design of structural 

eatures. | 


The third man to play an important part in bringing a structure 
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into being is the construction engineer. This man, using the instruc- 
tions given him by both the architect and the structural engineer, 
assembles the materials, the equipment, and the men required to 
carry out these instructions. The coórdination of these many factors 
requires a great deal of expert management. 


It is often suggested that the man who is supervising the construc- 
tion work need know very little about mathematics. We grant that he 
need know less mathematics than the structural engineer and that most 
of his mathematical calculations have already been done, but it is 
necessary, nevertheless, that he acquire some comprehension of the 
load-resisting properties of the tools with which he works (scaffolds, 
cranes, cables, etc.) and of the structure which he is assembling. 


The steps required to produce a completed structure are as follows: 


a Visualized by the architect. 
b Given strength by the structural engineer. 
c Given actual existence by the construction engineer. 


The public sees nothing of the first two steps. Not until work on the 
foundation begins does the man on the street realize that a new 
structure has been undertaken. Actually, months or perhaps years 
have passed since this structure had its beginning, for much planning 
and preparation have taken place regarding the new project. 


Not more than a few hundred years ago, the construction of a struc- 
ture was not a scientific process but an art. Master builders had ac- 
quired the art of cutting and laying stones to build excellent structures, 
such as the arch, by means of long experience with other builders. 
Through a trial-and-error process, the art of building became very well 
advanced, but not until after a scientific approach was used did the 
great structures of the present day become possible. 


Fortunately, this scientific approach has reduced the number of un- 
certainties considerably. We still have, however, isolated instances of 
great loss of life or property damage. In one instance, this may be due 
to structural weakness that the present scientific tools did not foretell. 
In another instance, the engineer, owing to ignorance or fraud, may 
have applied the available information incorrectly. 


Structural failures must have been more numerous in the days when 
building was still an art, for drastic measures were taken to curb care- 
less work in this field. Good examples of this effort may be found in the 
laws of some of the ancients, such as the following extract from the 
“Code of Khammurabi”: 


If a builder build a house for a man and has not made his work strong, 
and the house has fallen in and killed the owner of the house, then that 
builder shall be put to death. If it kill the son of the owner of the house, 


























STRUCTURAL ENGINEERING | 579 





the son of that builder shall they kill. If it kill the slave of the owner of the 
house, a slave equivalent to that slave to the owner of the house shall he give. 
If the property of the owner of the house it destroys, whatsoever it destroys 
he shall make good, and as regards the house he built and it fell, with his 
own property he shall rebuild the ruined house. If he build a house for a man 
and did not set his work and the walls topple over, that builder from his 
own money shall make that wall strong. 


The present laws are much more lenient than in ancient days, but 
responsibility still includes injury or damage to persons or property 
caused by negligence on the part of the constructor or his agents. This 
means that, should a building (during construction) fall down owing 
to some negligence on the part of the constructor, he is responsible for 
this damage. The courts will fix the amount of damage if it has not 
been definitely stated in the contract between builder and owner. 
Should life or public property be endangered, again the constructor is 
liable. Many localities require construction firms to carry some type of 
liability insurance. 


In considering the application of mathematics to construction work, 
we must keep in mind the close connection between the structural 
engineer and the construction engineer (the contractor). A contractor 
may build a building or a bridge, and 1t may collapse shortly after its 
completion. If the contractor has performed the erection of the struc- 
ture according to the plans and specifications, he 1s not at fault. If the 
engineer who formulated the design is at fault, the structure cannot be 
a E regardless of the excellent workmanship that may have been 
applied. 


Faulty materials may ruin an otherwise excellent combination of 
brilliant design and excellent workmanship. The application of math- 
ematics to construction work involves the basic principles underlying 
the choice of materials. Only after the material has been chosen is it 
possible to select the size of the individual members of a structure. 
It 1s desirable first to gain a fundamental knowledge of construction 
materials before delving into the mathematical computations of 
stresses and strains. 


PROPERTIES | Before one can work intelligently with materials, he 
A USE be able to describe them. In solving this prob- 
lem, descriptive terms and phrases have been invented. These terms 
and phrases are known as properties. In describing a certain construc- 
tion material, all that we have to do is to list the properties for that 
particular material. By means of this list of properties, we can specify 
the material to be purchased from a producer. Thus, the manuscript 
known as a specification 1s born. | 





The construction engineer has to know the properties of the ma- 
terial he 1s using 1n order to be assured that he is using the specified 
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material as well as the correct construction procedure, Since the 
mathematics used in this work depends to some extent upon the 
properties of the material under consideration, we shall begin by de- 
fining a few of the important ones. 


Stress and strain 


On the usual construction project, the constructor is placing pieces 
of material such as wood, steel, or concrete which will be subjected to 
the following three broad loading classifications: tension, compression, 
and shear. A rope that is subjected to the forces caused by suspending 
a weight is subjected to a tensile force. The leg of a loaded table is 
subjected to a compressive force, and the scissors which parts paper by 
sliding one part with respect to the other is exerting a shearing force on 
the paper. | 

The two terms, unit stress and unit strain, represent very important 
concepts. 

Unit stress is defined as the load per unit of area imposed on the structural 
member. This statement may be indicated mathematically by the formula, 


+ de l ; 
S =F in which S represents the unit stress, P represents the total load, 
and 4 represents the cross-sectional area of the member. 


Unit strain is defined as the change in length per unit of length. This 
statement may be indicated mathe- | 


matically by the formula, on, 


in which e represents the unit strain, 
A represents the total change in 
length of gage length, and L repre- 
sents the gage length or the length 
over which deformation measure- 
ments were taken. TENSION 
Notice in Fig. 1 that the arrows 
representing the tensile and compres- 
sive stresses are perpendicular to 
the plane upon which they act and 
notice that they are of different 


lengths (denoting different magni- 
tudes). The difference in magnitude AA 


of these individual unit stresses is ^ 272247747777 


COMPRESSION 


true because of the fact that the 
material in which the stresses occur 
is not homogeneous. We have no 
perfectly uniform material and there- SHEAR 
fore cannot obtain the uniform dis- 


Mee Fig. 1 
tribution of stress over the cross 3 


section that the formula, S LE implies. Thus it is to be kept permanently 


A 


UE pos 
in mind that, whenever the formula, T is employed, the user 1s assuming 























i. 

















STRUCTURAL ENGINEERING 


a perfectly homogeneous material because the formula gives an absolutely 
uniform unit stress distribution. : 
Likewise, the change in length of a structural member may not be uni- 


formly distributed as the formula, ent, implies. Therefore, a homogeneous 


material is again assumed. 


TEST YOUR KNOWLEDGE OF STRESS AND STRAIN 


1 A steel cable 0.25 inches in diameter is used to lift a 1,000-lb. weight. 
Determine the average tensile unit stress in the cable. | 

2 A 0.5-inch by 0.5-inch steel bar is used to suspend a one-ton load. 
Determine the average tensile unit stress in the bar. 

3 A cube of concrete 5 inches on a side 1s placed under each corner of a 
small building. If the building weights 200 tons, determine the average 
compressive unit stress 1n the cubes. 

4 A steel bar 30 inches long is subjected to a tensile force which causes 


the bar to elongate 0.3 of an inch. Determine the average unit strain in 
the bar. 


Behavior of materials of construction 


If the exact behavior of the materials used in construction were 
known, much more information would be at hand than 1s at present 
available. Valuable information is being added continually to the store 
of present knowledge. This supply is very plentiful in some branches 
of the problem and very scanty in others. 


Most of us are aware of the fact that all materials are elastic to a 
greater or lesser degree. If a load is imposed upon a structure, some 
deformation is expected to accompany it. The exact magnitude of this 
deformation depends upon the magnitude of the unit stress and the 
stiffness of the material. If the unit stress is low enough, we expect the 
material to spring back to its original size and shape after the load 1s re- 
moved. Some materials will revert quickly, some slowly, and others will 
move toward the original size and shape but will retain some permanent 
deformation. Some materials have very good elastic properties and are 
considered elastic up to the point of fracture. Others have very good 
elastic properties until a certain unit stress 1s exceeded; then large 
amounts of permanent deformation will occur. = 

A graphical picture of the way a certain material will act as it is subjected 
to loading is obtained by drawing a stress-strain curve. A typical stress- 
strain curve for the type of steel that is used in most bridges and buildings 
is shown in Fig. 2. This diagram, as you see, shows the relationship between 
the unit stress and the unit strain for the given material. | 

The data for plotting the stress-strain curve is obtained by actually loading 
a sample of the material in tension or compression, and taking simultaneous 
readings of load and deformation. The total load on the specimen is changed 


to unit stress (5-5 and the total deformation is changed to unit strain 
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AN. TS: 
(=>). These computed results are then plotted on coórdinate paper to 


any desirable scale. 


The curve consists of a straight line for the lower stress range, which 
indicates that the unit deformation is proportional to the unit stress. This 
straight-line relationship makes computations very simple, as will be pointed 
out later. At the end of the straight line, you will notice a sharp change in 
in the slope of the curve, which be- 
comes nearly horizontal. This indi- 
cates that a large amount of deforma- 
tion is obtained with little or no 
increase in unit stress. Observe next 
that the curve rises to a maximum and 
then moves downward again. The. 
maximum of the curve is known as 
the tensile strength, and indicates the 
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maximum unit stress to which the 
material may be subjected before 
fracture can occur. The curve is 
terminated by the fact that the bar 
actually breaks in two. 

The elastic limit (the maximum 
unit stress to which a material may 


UNIT STRESS (LBS. PER SQ.IN) 


{ 

| 

l 

l 

x o 
O e 
= o 
Ó 


UNIT STRAIN (IN. PER IN) 
Stress-Strain Curve for Structural Steel 
Fig. 2 


be subjected and still return to its original shape after removal of the load) 
cannot be obtained from the stress-strain curve, but experience informs us 
that this unit stress is nearly the unit stress at the end of the straight-line 
portion of the curve. Therefore, a very good substitute may be obtained by 
reading the proportional limit (the maximum unit stress to which a material 
may be subjected and have the deformation occur in proportion to the unit 
stress) from the curve. Since the proportional limit may be substituted for 
the elastic limit, the maximum amount of elastic deformation which may 
occur is represented by the unit strain value under the straight-line portion, 
and is known as the elasticity of the material. Note that this elastic deforma- 
tion is very small in comparison with the total deformation, known as the 
per cent elongation, which occurs before fracture. (See Table LII.) 


It is important to obtain the following properties of a material before 
it is used in a structure: elastic limit, tensile strength, and ductility. 
The properties which refer to the strength of the material are the elastic 
limit and the tensile strength. A value for the elastic limit may be ob- 
tained by reading the unit stress corresponding to the end of the 
straight-line portion of the curve. A value of the tensile strength may 
be obtained by reading the unit stress corresponding to the highest 
point on the curve. An indication of the ductility may be obtained by 
reading the unit strain corresponding to the breaking point on the 
curve. 


TEST YOUR KNOWLEDGE OF PROPERTIES OF MATERIALS 


5 Pick a value for the following properties from the stress-strain curve 
of Fig. 2: elastic limit, tensile strength, elasticity, and per cent elongation. 
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It is important to know values for these properties because 1t 1s 
essential to make sure that the unit-stresses placed upon the material 
in the finished structure are not excessive. Also, it is important to know 
the ductility so that construction procedures may be determined. In 
working with glass, one would not plan to bend it into shape without 
heating, nor would one punch holes into it as freely as 1s customary 
when fabricating structural steel. Nails are used when fabricating 
wooden structures, rivets are used when fabricating metal structures, 
and a needle and thread are used when fabricating clothing. All of 
these different procedures are determined by the properties of the 
material to be fabricated. 


Deformations 


The deformation of a structural member under loading may be a 
very important factor. As has been stated before, the magnitude of the 
deformation depends upon the unit stress imposed upon the member 
and the stiffness of the material. 


If the unit stress does not exceed the elastic limit, the unit strain is 
proportional to the unit stress (assuming a straight line on the stress- 
strain curve up to the elastic limit). The stiffness may be evaluated by 
determining the ratio of the unit stress to the unit strain (the slope of 


the straight line). The stiffness, Æ, for structural steel 1s : = 30,000,000 


p.s.i. (pounds per square inch). 


For any value of the unit stress below the elastic limit, the unit strain 


may be easily computed by substituting into the above equation 


S oe A i 
— = 30,000,000 p.s.i. Should the unit stress be larger than the elastic 
4 

limit, it is necessary to read the unit strain corresponding to this unit 
stress from the stress-strain curve. 


. TEST YOUR ABILITY TO COMPUTE UNIT STRESS 


6 A steel bar 5 feet long 1s subjected to a tensile unit stress of 15,000 p.s.i. 
Determine the total deformation caused by this loading. 


7 ls the steel bar in problem 4 stressed above the elastic limit? 


8 An aluminum bar 3 feet long is subjected to a tensile load which causes 
the bar to elongate 0.036 inches. If the area of the cross section of the 
bar is 0.5 square inches, determine the magnitude of the tensile load. 


Deformations owing to temperature are also important. The co- 
efficient of thermal expansion is determined by experiment and may be 
defined as the change in length of a material per unit of length for a 
one-degree Fahrenheit temperature change. If the temperature rises, 
the length will increase; and if the temperature falls, the length will 
decrease. 
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Illustrative Example 


Determine the change in length of a steel girder 100 ft. long caused 


by a change in temperature from 10 degrees Fahrenheit to 110 degrees 
Fahrenheit. - : | 


Linear coefficient from Table LII is 0.0000065. Total increase in length 
is 100x100 x0.0000065=0.065 ft. or 0.78 in. This movement of 0.78 in. 
per 100 ft. due to temperature changes makes it necessary to include expansion 
Joints in the structure. 


Factor of safety 


If the tensile strength of a steel is 70,000 p.s.1., one would expect a 
failure to occur once the tensile stress in the structure reaches this value. 
If the elastic limit of this steel is 40,000 p.s.1., one would expect ex- 
cessive deformations to occur when the structure is loaded to this value. 
Rather than run the risk of having either of these failures occur, the 
specifications keep the maximum unit stress low enough to provide a 
factor of safety. The factor of safety is always greater than 1.0 and 
may be defined as the ratio of the unit stress considered critical to the 
maximum allowable unit stress in the structure. 


Illustrative Example 


Determine the factor of safety which 1s present if a bar of structural 
steel is subjected to a tensile unit stress of 10,000 Ib. per sq. in. 


From Table LIT: tensile strength of structural steel is 60,000 Ib. per sq. in.; 
elastic limit of structural steel is 35,000 Ib. per sq. in. 
If excessive deformations are not permitted, the factor of safety is 


So 35, If large deformations are permitted, the factor of safety with 
; 0,000 


respect to fracture is oo = 6.0. 


EQUILIBRIUM EQUATIONS 


In making certain that the unit stresses on the material in the 
structure are not excessive, we must know also what stresses the struc- 
ture will exert upon the material. Let us now turn our attention to the 
method of obtaining these stresses in some of the common structures. 

The fact that a body is in equilibrium is an important bit of knowl- 
edge when the forces acting upon the body are desired. Let us review 
the things that are implied when the statement is made that a body 1s 
in equilibrium: — 

Newton's observations told him that a body at rest tends to remain at 
rest, and a body in motion tends to remain in motion in a straight line with 
a uniform velocity unless acted upon by some outside force. In other words, 
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if there is no outside force acting upon a body, it is stationary or moving 
with a uniform velocity. This means that a body which is standing still or is 
moving with uniform velocity is in equilibrium and this includes a very large 


percentage of all structures. 


If it has been noticed that an object is stationary (in equilibrium), 
it follows that all forces acting upon this body exactly equalize each 
other. This means that the algebraic summation of the vertical com- 
ponents of the forces is equal to zero, the summation of the horizontal 
components is equal to zero, and the summation of the rotating effects 
(moments) is equal to zero. 


The fact that the vertical components have a zero resultant means that 
no unbalanced force is present to accelerate the body in the vertical direc- 
tion. Since the horizontal components have a zero resultant, there is no 
unbalanced force present for acceleration in the horizontal direction; and 
since the summation of the moments is equal to zero, there will be no un- 
balanced rotating effect. Hence, we have three equations at our disposal. 
These may be written symbolically as follows: | 


XF,-0, XE,-0, EM=0. 


These may be used to solve for three unknown quantities. It is important 
to note that the simple observation, the body is stationary, gives us license 
to use the equilibrium equations to obtain values for important unknown 
quantities—quantities such as reactions to beams, stresses in trusses, etc., 
which must be known before an intelligent construction effort may be realized. 


Many have heard of the equilibrium equations during elementary scientific 
study, but the actual writing of the equations with the correct algebraic 
sign attached to each term was something that was provided by the text. 
Instructors copied the equation from the text as a convenient starting point. 
There is no doubt that the origin of the equation was obvious to the instructor 
because he was able to visualize the body in question isolated from its sup- 
ports, and forces taking the place of these supports. Let us call a body that 
is isolated in this manner a free body. 


In order to visualize a free body clearly, we should make a complete 
drawing. Whether this drawing be made with compasses and straight 
edge, or whether it be made free-hand is immaterial as long as it 1s care- 
fully done. . If equilibrium equations are to be written correctly, a 
perfect visualization of the free body is required. Perfect visualization 
makes it necessary that a careful drawing be made. 


If a few rules are followed, the drawing of a free body becomes very simple. 
The important ones are as follows: 


A Cut the body completely away from all supports and sketch the body in 
its approximate shape. | 

B Show all forces that have been exerted on the body by the supports by 
means of arrows. If the direction or point of application is not known, 
assume 1t and be sure to place the arrow on your sketch. 

C Write all known magnitudes near the appropriate arrow and name all 


unknown values by placing a symbol such as a letter near the arrows 
in question. | 




















As soon as this is done,.one is 
in position to count the number of 
unknowns in the problem under con- 
sideration and thus plan one’s attack. 

It has been stated that arrows are 
to be used to indicate the force of 
the removed support upon the free 
body. Continually keep in mind that 
a force is a vector quantity. To 
describe completely a vector quantity, 
we must give the magnitude, direc- 
tion, and line of application. An 
unknown direction or line of applica- 
tion is Just as much an unknown 
mathematically as an unknown mag- 
nitude. Therefore, carefully denote 
all known directions, magnitudes, and 
lines of application that are available. 
It will profit little to solve for a direc- 
tion that is already known. 


Illustrative Example 


Observe the sign in Fig. 3a. Though 
you may have inspected it carefully, 
the chances are that you saw only 
the lights. That sign was hanging 
above your head and is probably still 
there. It is stationary; it is in equi- 
librium; therefore, all forces acting 
upon the sign completely balance 
themselves. 

In order to see what forces are 
acting upon the sign, let us examine 
a sketch of the structure as a free 
body (Fig. 3b). First, the structure 
is cut completely from its supports. 
Second, all forces which hold it in 
place are denoted by means of arrows. 
Third, all forces are named or the 
value placed near the arrows as 
shown. The weight of the sign, 1000 
lb., is acting downward and it also 
acts at the center of mass of the 
sign. In this case, the force is known 
completely because the magnitude, 
direction, and line of application of 
the weight are known. The forces 
represented by B,, By, and T are not 
completely known. Their directions 
and lines of application are known 
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and indicated on the sketch but the magnitudes are nct. It is thus con- 
cluded that the magnitudes of B,, By, and T are the three unknowns, and 
three equations are required to obtain these values. Notice that the weight 
of all members other than that of the sign is neglected, 

The rod to which the sign 1s hung is treated as a free body in Fig. 3c, and 
the sign in Fig. 3d. Notice that D is opposite to F and E is opposite to G. 
The rod pulls upward on the sign as shown by forces P and G. However, 
the sign pulls downward on the rod as denoted by forces D and E. As for 
magnitude, D equals F, and E equals G. Force T is known in direction and 
line of application only. By represents the horizontal thrust that the wall 
exerts against the rod and is known in direction and line of application. 
B, represents the vertical support the wall gives the rod and is known in 
direction and line of application. 

The forces acting upon the free body of Fig. 3c comprise a non-concurrent 
system with all forces acting in one plane. (See Case III of Résumé of Equi- 
librium Equations, page 594). Three equations of equilibrium are available 
and the following combination 1s chosen for this example: 

22M, 0, 2M,=0, and 2F,=0 
2 denotes a summation. 
Mp refers to moments about any point on the free body. 
M; refers to moments about any point other than point O. 
F, denotes forces in the horizontal direction. 
The solution to the above problem is as follows: 

Referring to the free body shown in Fig. 1b, let us consider the moments 
about point C. Since the structure is in equilibrium, the algebraic summation 
of the moments about point C is equal to zero. This is written in the following 
equation: 22M, =0, 

Assuming a clockwise moment to be positive, we obtain the following 


equation: 
; ByXO+B,x4—1000X2+ TX0z0 
B,= "= 500 lb. upward 


The value obtained for B, is a positive value. This means that the arrow 
which represents the direction of B, was chosen in the correct direction. If 
the value had proved to be a negative value, this would mean that B, would be 
acting in the opposite direction indicated by the arrow. 

Using the point, 4, as a center for taking moments, we have 2M,=0; 
assuming a clockwise moment as positive, we obtain the following equation: 


B,X0—BgXx3+1000x2+Tx0=0 
By==3—=667 lb. in the direction indicated. 


Next, the summation of forces in the horizontal direction must equal zero. 
2 F,=0, 
Assuming a force acting to the right as positive, we have: 
By minus the horizontal component of T=0 
By=¿T=0 
5 


T= 225-2667 
T=833 lb. in the direction indicated. 
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From the above analysis, we conclude the following: 

a The tension in the wire, 4C (Fig. 3a), is 833 lb. 

b The compression in the wooden member is 667 lb, 

c Each hanger must support a vertical load of 500 lb. 

d The top hanger must resist a horizontal tensile load of 667 Ib. or it will 

be pulled from the side of the building. 

From these computed forces, the structural designer of the sign may use 
the most desirable size for each member. For instance, if the allowable unit 
stress in the wire, 4C, is to be 20,000 Ib. per sq. in., the area of the wire 
should be 

P 83% 


~ $ 20,000 
The diameter of the wire should be: 

2 
zt == 0.0417 sq. in. 


A =0.0417 sq. in. 


| D-00417 x5 - 0.053 
D — 0.23 inches. 


After we have explained other uses for the free body, we shall devote 
more space to the choosing of members for a use. The choice of the 0.23-in. 
wire is correct because it is subjected to a tensile load. A member in com- 
pression may buckle. This adds new complications to the problem. 


Reactions—A beam or girder is 
the name given to a structural | 
member which will resist bending. — I5' 
An example of such a member 1s A Ar 
shown in Fig. 4a. The forces re- ¿4% 
quired to support such a beam 
may be easily determined by E 
means of the free body. | 7, 
Since the free body (Fig. 4b) is 
in equilibrium, two equilibrium equa- I0 tons 
tions are available. Let us apply 
the following two equations: 
24M 4, —0 and 2M,=0. 
Then, as a check, determine the 
summation of forces in the vertical Fig. 4 
direction to see if they are equal to zero. 


- 20! ———— 
10 tons 





Solution 
2M,¿=0 
(Assume a clockwise moment as positive) 
10x15—RgXx20=0 
Rg=7.5 tons or 15,000 pounds upward. 
2Mg=0 
R4X20—10x5z0 
R,=2.5 tons or 5,000 pounds upward. 
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Check — | Us 20! Ue 2o" Us 
2F,=0 
(Assume an upward force as 
positive) ES La 
Edna O e - 
2.5+7.5—10=0 Fig. 5 
0=0 


Stresses in trusses—1f the distance between supports is large (say, 
one or two hundred feet), it is more economical to use a /rzss to span 
this distance than a beam. (See Fig. 5 for sketch of a truss.) As far as 
determining the magnitude of the reactions is concerned, the problem 
is just the same as that of a beam; however, the internal stresses in a 
beam are different from the stresses in a truss. 

As has been stated above, a beam must resist bending. A truss must 
resist bending also, but the first step in analyzing the stresses in a truss 
is to assume that all connections are hinged. This produces the con- 
dition that each individual member of which the truss is composed 
is subjected to pure tension or compression. The - 5 
free body may be used to very good advantage 
when solving for the total stress in each member. | vA 

Let us now proceed with the solution of the truss 
in Fig. 5. As the truss is symmetrical, both reactions 
are equal. If a free body of the entire truss is drawn, | - 
and the equilibrium equation, 2F,=0, is used, each ? xa 
reaction is found to be 15 tons upward. 

Now draw a free body of the joint at Lo, as shown isnt 
in Fig. 6. It is assumed that the members of the truss Fig. 6 
are in pure tension and compression so that the line of action of the forces, 
A and B, are exactly in line with the member. 


SF, =0 gives the value of ge 22 tons compression for the member 


C U, 
| | «—— E 
T ma N 
Y | S 
Io" 15 T 
6707 10 
Fig. 7 Fig. 8 


LU, and 2F,,=0 gives 15 tons tension in member ZyL,*. 
Next draw a free body of the joint at Zi, as shown in Fig. 7. 2F,=0 


*Should the direction of an arrow on the free body be chosen incorrectly, the value will be found to be nega- 


tive. If the arrow is changed to the correct direction, be sure to change the negative sign to a plus sign. 
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gives the value of 10 tons tension in member Uli, ai ZF =0 gives 15 tons 
tension in member Lilo. 

Next draw a free body of the joint at Ui, as shown in Fig. 8. 2F,=0 
gives 7.07 tons tension in member UL», and XF,=0 gives 20 tons compression 
in member U, U2. 

This procedure may be followed until 
all values are determined. Knowing the 
total thrust on each member, you find it 
possible to choose the correct size. 


Illustrative Example 


The boom pole shown in Fig. 9a pivots 
about line C4, making it possible to 
move loads within the given radius. De- 
termine the tension in the cable, CB, and 
the thrust in ZB if the weight, WY, 1s 5 
tons. 

Draw a free body of the boom, as shown 
in Fig. 9b, and apply the equilibrium, 
3M,-0. Neglect the weight of the pole. 


5X8.66—CX5=0 








b= B X UNE 8.66 tons (tension) 
Draw a free body of the connection, 5, E c : 
as shown in Fig. 9c, and apply the equi- 
librium equation, 22, —0. B 
(Vertical component of 7)—5=0 Ac MOS 


A X sin 30 degrees =0.54 —5 


Fig. 9 
A=10.0 tons (compression) = 


TEST YOUR ABILITY TO FIGURE STRESSES AND REACTIONS 
9 The body, Y, in Fig. 10 weighs 1000 lbs., and all other portions may be 


considered weightless. Determine the tensile stresses in the cables, AG. 
and BD, and the tensile stresses in CE and DE. 


10 ft. 





Fig. 10 Fig. 11 
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10 Determine the stresses in the member, BC, of the truss shown in Fig. 11. 
(Hint: Cut the truss along line KK, draw a free body of the portion to 
the right, and sum the moments about point G.) 

11 Determine the reactions for the beam in Fig. 12. Neglect the weight of 
the member. 


I5 tons 


1000 Ib. per ft. of length 





Ropes and pulleys—Any type of construction work involves the 
use of ropes and pulleys. This 1s a good time to mention the subject 
because the free body is such an excellent tool for this type of problem. 

The procedure is simply to cut all the ropes 
leading to and from the pulley and, at each cut 
section, show the force that is acting in the rope. | 
The free body in Fig. 13b tells us that P1— P». This 
fact may be obtained by taking moments about the 
center of the pulley (friction is neglected). This 
means that should one wish to raise a weight of 
100 lb. as shown in Fig. 13a, it is necessary to 
pull downward with an equal force. A total force 
of 200 lb. will result at the ceiling. 


Suppose one uses a system of pulleys as shown P P 
in Fig. 14a. Let us draw the free body shown in : E 
Fig. 14b and determine the force required to raise 
a 100-Ib. weight. Summing the forces in the vertical 
direction and equating them to zero gives the follow- (b) 





ing equlibrium equation: 
2F,=0 
100—4—5—C—Dz0 


Knowing that the tension in the rope is everywhere the same when friction 
in the pulleys is neglected, we have the equation, 


100 2 4X tension in rope 
tension in rope=25 lb. 

















592 


PRACTICAL MATHEMATICS 





This means that a downward force, P, slightly 
greater than 25 lb. will raise the 100-lb. weight. 
Using the upper set of pulleys as a free body tells 
us that the ceiling must support a total load of 
125 lb. while the weight is being raised. 


12 


13 


TEST YOUR ABILITY TO FIGURE TENSION 


The scaffold shown in Fig. 15 is used to make 
it possible for workmen to paint the side 
of the building. The workmen simply pull 
the rope which is tied to the scaffold near B 
and the scaffold will rise to a new level. 
The rope is again tied and the painting pro- 
ceeds. If the combined weight of one workman 
and the scaffold is 300 lbs., what pull is re- 


quired if the workman wishes to raise him- 


self to a new level? Neglect friction in the 


pulleys. 


Assume that the support at 4 (Fig. 15) will 
hold a load of 400 ib. and that, should this 
load be exceeded, a crash will occur. Would 
it be dangerous for the man on the scaffold 
(See Problem 12) to tie the rope to the peg 
at C instead of to the scaffold at B? 


Levers—Mechanical advantage is the 


only means we have of bringing large 





forces to bear upon an object when the ee 
available force is small. A set of pulleys ates 
is a form of mechanical advantage when Sa eto al 
they are connected so that a small force IM 
will lift a large one. A wedge is another Se 
tool which produces a large mechanical oa 
advantage. The lever is possibly the cal ee TeS 
oldest means and 1s still very important. a 
One is seldom conscious of the fact that Ea 
a force sufficient to lift a nail from the ERI 
timber in which it is driven may be de- esr e 
veloped by the human hand by means of ESAR 
a small lever. Esa 
In the solution of lever problems, the —— 
free body is the important item. The prob- — — 
lem is well upon its way toward being — 


solved if the free body is drawn and the 
equations of equilibrium written. 





@ D 





Y 


125 Ib. 


i 


A B COD 


| 


(OO lb, 


EN SCAFFOLD 
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Illustrative Example 


A 6-ft. steel bar is to be used by a workman asa lever. If the distance 
from the load to the fulcrum is 2 inches, what load will a 200-lb. man 
be able to lift? | 


Draw the free body as shown in Fig. 16. If the load, P, is in the process 
of being raised, the steel rod is 
rotating about the fulcrum, F, with a 
uniform velocity. This means the body 
is in equilibrium and we are enabled 
to use the following equation: 22Mg — 0. 


—PX2+20070=0 
P=7,000 1b. =3.5 tons. 





Thin-walled pressure containers—Pressure containers are present 
in many different forms. The steam container of a steam hoist must 
be able to withstand a certain internal pressure. Water pipes are 
always subjected to some form of hydrostatic pressure. It will be 
worth while to analyze the stresses which these internal pressures 
produce in the thin shell container. 


Consider the case of a water main that carries an 
internal pressure. Let us cut a section of this pipe 
one foot in length and then split it along a diameter. 
The result is shown in Fig. 17a. Note that the water 
that was in the pipe still remains in the sketch. Now 
show the forces which were acting upon this section 
before it was cut. The result is shown in Fig. 17b. 
The arrows show that the steel shell is in tension and 
that the water inside is in compression. It is per- 
fectly logical to assume that the water will not flow 
out of the cut section because we have the same forces 
now acting that were present before the pipe was cut. 


Instead of showing all of the small arrows, let us 
show their resultant by one large arrow acting at the 
centroid of the area encountered (Fig. 17c). This.is the 
free body which is so valuable in this problem. 


Illustrative Example 


A long cylindrical pressure container is made by 





welding jin. steel plates together. If the inside 


diameter of the container is 4.0 feet, and if the Hg. 7 


allowable tensile unit stress in the steel and welded sections is 14,000 
p.S.1., what unit pressure, p, will the container withstand? 


Draw the free body shown in Fig. 18. This portion of the pipe will be 
stationary if no failure occurs; therefore, it is in equilibrium. Using 
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the equation, 217,20, where x represents the horizontal direction, we have: 


Q-2P=0 
pXx12x48-2x14000x12Xx0.5=0 
p=292 p.s.i. =allowable internal pressure 

Résumé of equilibrium equations—The 
beginner may be confused when he finds it 
necessary to choose which set of equilib- 
rium equations to use when analyzing a 
problem. The available equations for three 
types of force combinations which may be 
acting upon the free body are listed below. 
For other combinations, see textbooks in 
elementary mechanics. 


Case [—ConcurRRENT FORCES IN A PLANE 

All forces on the free body lie in one plane and 
intersect at a point as shown in Fig. 19. Two un- 
knowns may be determined from this free body 
and the equations are: 

23F,=0 and 23F,=0 

(Note that the x and y directions are not neces- 
sarily horizontal and vertical.) 


Case II—PARALLEL Forces IN A PLANE 
All forces on the free body lie in one plane and 
are parallel as shown in Fig. 20. Two unknowns 
may be determined from this free body and a 
choice is possible between two combinations of 
equilibrium equations. 
First combination: 2M,=0 and 2M,=0 
Second combination: 2M,=0 and 2F,=0 


Case ITI—NoN-CoNCcURRENT FORCES IN A 
PLANE 
All forces on the free body lie in a plane and do 
not meet at a point (See Fig. 21). Three unknowns 
may be determined from this free body and a 
choice is possible between three or more combina- 
tions of equilibrium equations. 
First combination: 224,0, 2M,=0, and ££, —0 
Second combination: 2M,=0, 2M,=0, 
Ang set) 
Third combination: 2M,-0, 2F,=0, and 2F,¿=0 
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(b) FREE BODY 
Fig. 20 


MOVING | The free body may be used as conveniently for bodies 
BODIES | Which are in motion as for those which are stationary. 
Stationary bodies, as has been stated before, are in 


equilibrium. Therefore, the algebraic summation of the forces in any 
one direction is equal to zero. It follows that a body with an unbalanced 
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force acting upon it in any one direction will have an acceleration in 
that same direction. The relationship between the acceleration and the 
unbalanced force is very well known, F'= Ma, in which F equals the 
unbalanced force, M is the mass of the body, 
and a is the acceleration. 

Let us now consider a body that is accelerating in 
one given direction. If this body is isolated from its 
supporting forces, and all the forces are shown acting 
upon the body (draw a complete free body), it will (a) TRUSS 
be noticed that the algebraic summation of the 
forces in the direction of the acceleration is not equal 
to zero but equal to the unbalanced force which is 
causing the acceleration. This leads to the equation, 


EF =Ma R, 
(b) 








Ro . 
FREE BODY 


The subscript, x, denotes a given direction. If the Fig. 21 


unbalanced force is in the x direction, the acceleration is in the x direction also. 


Illustrative Example 


A truck is traveling on a horizontal pavement at the rate of 34.1 
miles per hour when the driver suddenly applies the brakes so that 
the truck will slow down at a uniform rate and come to a stop in a 
distance of 125 feet. Determine the total friction force which must 
be developed between the tires and the pavement, if the total weight 
of the truck is 16.1 tons. 
~ 34.1 miles per hour equals 50 ft. per sec. If the truck is to stop in 125 feet, 


the time required is 5 seconds. The negative acceleration is 10 ft. per sec.?. 
From the free body in Fig. 22, | 


AMA 





W 10 
Fit F= oe 16.1 X2,000 X395 
F=F1+F2=10,000 pounds. | 
Total friction force on all four tires is Inn (oe E 
10,000 pounds. This large force acting == fr, === S f 
e 2 


constantly through the 5 seconds gives 
one an idea of the difficulties involved 
in stopping such a large mass so quickly. 

It is important to note that, as soon as a body exhibits a tendency 
to rotate, the inertia of rotation must be considered. No space is 
available at this point for explanation of this effect. See any elemen- 
tary textbooks on mechanics. 


Fig. 22 


COLUMNS | individual members of a truss may be either in tension 
or in compression. If the member is in tension, the area 





of the cross section may be determined by using the formula, 4= 3 and 


the size of the member required is obtained. If ¿he member is in 
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compression, 1t must be treated as a column, which means the buckling 
effect must be considered. : 

The column problem may be divided into three parts: (a) short com- 
pression blocks where the buckling effect is negligible, (b) members 
which are just slender enough to make it necessary to consider both 
compression and bending, (c) slender compression members which bend 
before any large compression load can be developed. This problem 
does not lend itself to a simple exact mathematical solution, so empir- 
ical formulas have been devised to aid in choosing the correct size of 
column for a particular situation. 

The load a column can carry is a function of the area of the cross 
section, its slenderness ratio, and the stiffness of the material. The 
slenderness ratio 1s defined as the ratio of the length of the column to 


‘the least radius of gyration E in which k= y > and Lis the length of 
the column ) ifa rolled steel section is used; or, the ratio of the length 
of the column to the least lateral dimension (Sir arectangular cross 
section is used. The stiffness of the material is the modulus of elas- 
ticity, E, and 1s the ratio of the unit stress to the unit strain (£ =>, 


The value of the modulus of elasticity is equal to the slope of the 
straight-line portion on the stress-strain curve. 
L 


If a wooden column is to be used, the empirical formula, P= 4 (1100-207 ; 


is often used for a good grade of wood when the slenderness ratio, 7 is greater 
than 10 and less than 25. If E is less than 10, the member is considered a 


short compression block and the formula, P=AS, may be used. If E is greater 


than 25, the formula, p may be used. 
| 3e( 7) | 
d | 
P «'The total allowable load on the column. 
A — Area of cross section. 
E 1,400,000 Ib. per sq. in. 
L=Length of column. 
d=Least dimension on the rectangular cross section. 


This and the following column formula have the safety factor included in 


the formula. | 
The American Institute of Steel Construction recommends the following 


formulae for stee/ columns: 


= 17,000—0.485( 7 j: - varies from O to 120 


and D raae ee L varies from 120 to 200. 
A 14 1 € QU: 
18,000 \ k ) 
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The Institute does not recommend the use of a column with a slenderness 
ratio greater than 120 for main structural members; and for secondary members 
the slenderness ratio should not be greater than 200. 


Illustrative Example 


A wooden column 10 ft. long is used to support a load of 20 tons. 
What size of timber is required if a good grade of wood 1s to be used? 


The formula recommended for a good grade of wood is P= A(1100-205), 


and let us choose to use a column with a square cross section because it is 
foolish to provide more resistance to buckling in one direction than another 
unless some special loading is present on the column. 


Substituting into the above formula, we have: 


20 x2,000= 2 (1100 72€ 7X7) 


d A 
114?—244 —400 «0 
a=7.2 in. 


Use an 8 in. by 8 in. wooden column, which is the next larger standard size. 


The E ratio for the chosen column 1s -n 15. This falls between the values, 


10 and 25, which means that the limitations on the above formula have been 
satisfied. 
TEST YOUR KNOWLEDGE OF COLUMN LOAD 


14 In the above illustrative example, a larger column than required is chosen 
- because it is the next larger standard size. Determine the load the 8 in. by 
8 in. column will carry. 


15 A 10 in. by 10 in. wide-flange I-beam weighing 60 lb. per foot is used 
as a column 22 ft. in length. A handbook gives the following properties 
for the cross section of the beam: areaz-17.66 sq. in., least radius of 
gyration —2.57 sq. in. Determine the maximum load this column should 
be allowed to carry. 


16 If the I-beam used in Problem 15 is used as a column 30 ft. in length, 
determine the maximum load this column should be allowed to carry. 


BEAMS | The resistance of a beam to bending loads may be deter- 


mined mathematically with only a few assumptions. 
This formula, which may be rigorously derived, is M= $5 in which M is 


the bending moment in the beam, S is the unit stress on the outside fiber 
of the beam, c is the distance from the centroid of the cross section to the 
outside fiber, and 7 1s the moment of inertia of the area of the cross section 


E CM. dh . 
about the centroid. 7 is often referred to as the section modulus. If the beam 


in question has a rectangular cross section, the section modulus may be readily 
computed, but if the beam is a standard rolled I-beam, the evaluation of the 
section modulus becomes dificult. For this reason, handbooks are published 
which furnish this information for all standard sections. 
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e. MACHINE-SHOP PRACTICE > 


By Otis Benedict, Jr. 


ANY war-industries workers, who had previousiy considered that 
they did not need much mathematics because they were doing 
routine work, are discovering that the man with an ability to adapt 
mathematical principles to his work 1s of more value on the job. It is 
our aim in this article to assist readers of PRACTICAL MATHEMATICS 
to make the necessary adjustments in the course of their daily work. 


CUTTING Cutting tools are essentially power-driven wedges 
SPEEDS forced into the metal to remove surplus material. 
Whether the cutting takes place in the lathe when 

turning or boring, or in the drill press when drilling, or in the milling 


machine when milling, the cutting action is much the same. 


In the removal of the surplus material by the cutting tool, heat is 
generated. Some of this heat passes into the metal, and some of it 1s 
absorbed by the cutting tool. 


If the speed (revolutions per minute) of the cutter or the metal 
being cut is such that, in the removal of the surplus material, the heat 
generated causes the cutting tool to lose its hardness, 1t ceases to cut 
and may be made useless as a cutting tool thereafter. Many cutting 
tools are ruined by being operated at too high a speed. 


When metal is cut in a lathe arranged to vary the speed 2 or3 
revolutions per minute at a time, the speed can 
be increased until the heat generated in cut- 
ting will cause the tool to lose its hardness, and pata 
cutting will cease. per di: 


If the diameter of the metal (work) being 
cut and its speed (rpm) are recorded when the 
cutting tool loses its hardness, the cutting 
speed at which the tool failed to cut can be 
calculated. 


In practice, the cutting tool would be opera- 
ated at a cutting speed lower than the cutting Fig. 23 
speed at which the tool failed. 


The rate at which a tool passes over the work is known as the cut- 
ting speed. It is the distance in feet which the tool point cuts in a 
minute. If a piece of work is turned in the lathe (Fig. 23) and the 
point of the lathe tool cuts 20 feet (measured around the circumference 
of the work) in one minute, the cutting speed is said to be 20 feet per 


minute. (See Table LIII.) 
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On the planer and shaper, the cutting speed is the length of cut 
that would be taken in one minute. If 20 seconds (ors minute ) is re- 


quired to take a cut 18 feet long, in one minute the cut would be 
3X18, or 54 feet. The length of cut in one minute is 54 feet and the 
cutting speed is said to be 54 feet per minute. 


When a hole is being drilled in the drill press, the cutting speed is 
the number of feet travelled by the outer corners of the cutting edges 
in one minute. 


Lathe, boring mill, and drill press 
The problems in cutting speeds for the lathe or boring mill can be 
divided into two groups: 


a To find the cutting speed—The number of revolutions which the work makes 
in a lathe or boring mill, and the diameter are known. What is the cutting 
speed? 


A brass rod 15 inches in diameter is being turned. By counting the number 


of revolutions of the spindle of the lathe by means of the speed indicator 





Fig. 24 


(Fig. 24) we find that the work revolves 252 revolutions per minute. To find 
the cutting speed, we first compute the circumference of the work and change 
it to feet. (The circumference in inches is equal to the diameter in inches X 
3.1416.) Therefore, the circumference of the work in this case is 1.5x3.1416= 
4.712, and 4.712 —-12 2 0.393, the circumference in feet, or the distance passed 
over by the point of the tool for each revolution. During 252 revolutions, the 
distance passed over by the point of the tool is 252 X0.393 =99.04 feet, which 
is the cutting speed in feet per minute. 


The formula for this calculation is written: 
cutting speed in, diam. of work in inches X 3.1416 x 


feet per minute EZ ES ! 
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_If N=number of revolutions per minute (rpm), S= cutting speed in feet 
per minute, and D=diameter of work in inches, this formula can be written: 


s=PX3:1416, y | IH 

12 | 

If, in this formula, D = diameter of the work, or diameter of bored or drilled 

hole in inches; the formula can be used for finding the cutting speed of drills 
and boring tools. 


When the cut taken on a piece of work being turned or bored is deep in 
proportion to the diameter of the work, it is preferable in calculations for the 
cutting speed and revolutions per minute to consider the mean diameter being 
cut instead of the outside diameter of the work, and use the value for the mean 
diameter in the calculations and formulas given. When the outside diameter 
and the depth of the cut are known, the mean diameter equals the outside 
diameter minus the depth of cut. 


b To find the revolutions per minute (rpm) of the cutter—The diameter of the 
work turned in a lathe (Fig. 23) or in the boring mill and the required 
cutting speed are known. How many revolutions per minute should the 
work make? 


Assume that the diameter of the work is 4 inches, and a cutting speed of 40 
feet per minute is required. Find the speed (rpm) of the work. Since the 
diameter of the work is known, its circumference equals the diameter X 3.14106. 
Therefore, the circumference of the work is 43.1416 — 12.566 inches (or 12.6 
inches is near enough for calculations of this kind). For each revolution of the 
work, the length of its circumference passes the tool point once; thus, a length 
of 12.6 inches passes the tool for each revolution. As the cutting speed is 
always expressed in feet, the length (12.6 inches) should also be expressed in 
feet. This is done by dividing by 12; thus, 12.6+12=1.05 feet as the cir- 
cumference of the work. Now the question 1s, "How many revolutions, each 
equal to 1.05 feet, does it require to get a cutting speed of 40 feet?" The 
answer is obtained by dividing 40 by 1.05. The result of this division is 38.04, 
and 38.04 is the required number of revolutions per minute to obtain a cutting 
speed of 40 feet per minute. In practice, 38 revolutions would be used. 

The formula for this calculation is written: | 


~ cutting speed in feet per minute IH 
pun (diam. of work in inches X 3.1416) —- 12 


Using the same letters to denote the quantities in this 
formula as in II, the formula can be written: 


kr S Eb 
=(Dx31110) 12 Dx3.416 


If it is required to bore a hole 4 inches in diameter (Fig. 
25), instead of turning a piece of work 4 inches in diameter, 
and the same cutting speed of 40 feet per minute is re- 
quired, the calculation for the revolutions per minute is carried out in the 
same manner as above. Formulas III and IV are used, except that in the 
formulas we write “diameter of the hole in inches” instead of "diameter of the 
work in inches." 


E 


IV 





Fig. 25 
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Formulas III and IV can also be used for work done in the drill press by 
substituting “diameter of the hole to be drilled in inches” for “diameter of 
work in inches”. | 

"Thus, if D — the diameter of the work to be turned, 
or the diameter of the hole to be drilled or bored in 
inches, then formulas III and IV apply to turned, 
bored, or drilled work. | T 


| 


(1 
i 






Illustrative Problem | 
Find the rpm to turn a 45-inch diameter cast 


iron pulley in the lathe, when a high-speed steel 
cutting tool 1s used. 


Solution 


The cutting speed from Table LIII is 50 feet per minute. (Soft cast iron 
and H. S. steel) 
12x8 


N=HX3 1416 (Formula IV) 


12x50 


Neo FAG 


=42.4 rpm. 


TEST YOUR KNOWLEDGE OF LATHES AND DRILL PRESSES 


1 Find the rpm to turn a 14-inch diameter cast iron pulley in a lathe, when 
a high-speed steel tool is used. y nh | | 


2 Calculate the cutting speed in turning a brass rod 13 in. in diameter at 
2 rpm. 


Milling cutters 


. In the milling machine, the milling cutter is mounted on an arbor 
and rotates. The cutting speeds of milling cutters can be found when 
the diameter of the cutter and the revolutions 1 
per minute are given. | 


Lllustrative Problem 


It 1s required to find the cutting speed in 
feet per minute, when the diameter of the 
cutter is 5 inches and it makes 40 revolutions 
per minute. 

To find the cutting speed in feet per minute, 
first find the circumference of the cutter; thus, "ger 
o X 3.1416 = 15.708 or 15.7 inches. Change this to feet; thus, 15.7 + 12= 
1.308 ft. Since the cutter makes 40 revolutions per minute, the cutting speed 
is 40 X the circumference, or 40 x 1.308 = 52.3 feet per minute. 

If, in formula II, D-— diameter of cutter, this formula can be used 
to find the cutting speed of milling cutters. | 
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If the cutting speed of a cutter is given and its diameter known, 
the number of revolutions per minute at which it should be run can 
be found by formula IV. In this case, D is the diameter of the milling 
cutter in inches. 


TEST YOUR KNOWLEDGE OF MILLING CUTTERS 
3 Find the cutting speed for a milling cutter 8 inches in diameter that makes 


30 rpm. 

4 A high-speed steel cutter 7 inches in diameter is used to take a heavy 
cut in a piece of cast iron in the milling machine. What should be the rpm 
of the cutter? 


The crank shaper 


In a crank shaper, the tool is given a reciprocating motion. This 
reciprocating motion is produced by a crank arrangement built into 
the shaper. 

In Fig. 28, the path of the crank pin is represented by the circle. The arc, 


C, represents the drive for the forward or cutting stroke of the cutting tool, - 


and arc R represents the return stroke. Find the cutting speed in feet per 
minute, when the length of the stroke in inches and the © 
number of strokes per minute are known. i 

For example, the length of the stroke is 12 inches, 
and the number of strokes per minute is 60. When the 
cutting tool travels the distance of 12 inches, the crank 


pin will have travelled the arc, C, or : of a revolution. 


In 5 of a revolution of the crank pin, the cutting tool 





will travel 4 inches, and in 2 (or one revolution) the tool 


will travel 5X4 inches, or 20 inches. 

From Fig. 28, we know that the tool travels 12 inches 
to one revolution of the crank pin, but the tool would travel 20 inches if it 
moved forward only, when the crank pin makes one revolution. This same 
result can be obtained by multiplying the length of the stroke by the re- 
ciprocal of the part of a revolution of the crank pin required to produce the 


Fig. 28 


forward movement of the tool; thus, 2x12=20 inches. Change this to feet; 


thus, 20+12=> feet. Since the cutting tool makes 60 strokes per minute, the 


cutting speed is 60x the number of feet, or 60 x3- 100 feet. 


This calculation is expressed by the formula: 
length of stroke 
cutting speed in. in inches number of strokes 9 V 
feet per minute 19 per minute 3: 
If S— cutting speed in feet per minute, L=length of stroke in inches, and 
N - number of strokes per minute, this formula can be written: 


L D 
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Find the number of strokes per minute, when the cutting speed in feet per 
minute and the length of stroke in inches are known. 
. The cutting speed is 50 feet per minute, and the length of the stroke is 6 
inches. Divide the length of the stroke in inches by 12 to change to feet; thus, 


6+ 12=> foot. The length of the stroke in feet times the fraction, 3 will give 


the feet cut in one stroke; thus, 2X2 will give the feet cut in one stroke, thus, 
l9 9 
2719-56 
cutting speed in feet per minute by the feet cut in one stroke; thus, 50+2=60 


foot. The number of strokes per minute is found by dividing the 


strokes. 
This calculation is expressed by the formula: 


cutting speed in feet per minute 
length of stroke in inches 25 


12 3 VII 


Using the same letters to denote the quantities in this formula as in formula 
V, we may write: 
S 
N=>— 
x X 
12 


number of strokes = 


Wi C1 


VIII 


TEST YOUR KNOWLEDGE OF THE CRANK SHAPER 


5 What is the cutting speed of a shaper making 60 strokes a minute, when 
the length of a single stroke 1s 6 inches? 

6 The length of the cutting stroke in a shaper is 14 inches and the cutting 
speed is 80 feet per minute. Find the number of strokes per minute. 


The planer 


In the planer, the platen (table) is given a reciprocating motion. 
The speed at which the platen returns when the cutting stroke is com- 
pleted 1s usually two or more times the cutting speed. When the re- 
turn speed is twice as fast as the cutting speed, the ratio of the return 
speed to cutting speed is said to be “2 to 1”. When the return speed 
Is three times as fast as the cutting speed, the ratio between the speeds 
is “3 to 1". Usually these ratios are designated “2”, “3”, etc. If the 
return speed is 80 feet and the cutting speed 40 feet per minute, the 
ratio is 2, while, if the return speed is 120 feet per minute, the ratio is 3. 

When the number of cutting strokes per minute, the length of the stroke, 
and the ratio between the cutting and return speeds are known, the cutting 
speed and the return speed can be found. The number of strokes per minute 
can be counted and the length of the stroke can be measured. For long 
strokes, the time required for the forward stroke and the return stroke can be 
determined with a stop clock. The ratio of the return speed to the cutting 




















Po e... OA 


604 | | | PRACTICAL MATHEMATICS 





speed is determined by the design of the planer. Thus, the return speed and 
cutting speed of a planer can be readily determined. 
Illustrative Example 


The number of strokes is 6, the length of the stroke is 3 feet, and the 
ratio of the return speed to the cutting speed is “2”. The time required 
for the platen to make one complete stroke (cutting stroke plus return 





TP ov Da $ : 
stroke) is g minute. In g minute, the platen travels 3 feet in cutting 


and 3 feet in returning. Its rate of travel in cutting is not 3 feet in 


eee D 





| n : 
g minute, but is greater than 3 feet per minute. If no return stroke 


were to take place, the platen would travel 3 feet plus 5x3 feet, or a 





total of 345 = 45 feet. (Return stroke takes place in 5 time of cutting 





stroke.) The true cutting speed for one cutting stroke is then 45 feet 


and not 3 feet (the travel of the platen). The number of strokes per | 
minute of the platen times the true cutting speed per stroke equals the 


cutting speed of the planer in feet per minute; thus, 6x45 =27 feet per 


minute cutting speed. VIS | 
The formula expressing this calculation is: 


cutting speed number of ( length of jon stroke x | 








in feet per  —strokes per--[ stroke in-+-—— 
ratio return speed 


minute minute feet 


to cutting speed | 
If S=cutting speed in feet per minute, V= number of strokes per minute, | 

L=length of stroke in feet, and P=ratio of the return speed to the cutting 
speed, this formula can be written: 
| 


L 
s=Nx(1+5). X 


The return speed can be calculated by multiplying the cutting speed in 
feet per minute by the ratio of the return speed to the cutting speed. The 
cutting speed from above is 27 feet per minute and the ratio is 2. Thus, 
27 X2=54 feet per minute return speed. ! 
If R return speed in feet per minute, this formula can be written: x 
R=SXP. XI 
In these formulas, the time lost in reversing is not considered. 
The number of strokes per minute can be found when the cutting speed, 
return speed, and length of the stroke are known. - 


Illustrative Problem 
Given the cutting speed of a planer as 27 feet per minute, the length 
of stroke 3 feet, and the ratio of the return speed to the cutting speed 
as “2”, find the number of strokes per minute. | 
This problem can be solved in two ways: r 
A If the formula for cutting speed, S=NX Lg). is solved for N, 
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we have N= 2 F Substituting the values from above in this formula, 
E15 
P 
27 — 2T 


weget N= pog strokes per minute. 


3 
4= 
3+5 5 | 
B The ratio between the return speed and the cutting is “2”; therefore, 
the return speed is twice the cutting speed, or 54 feet per minute. 
As the length of the stroke is 3 feet and the cutting speed is 27 feet per 
minute, the time necessary to complete one forward stroke is equal to 


1 
3-27 = 5 minute. 


; dens 
In a like manner, the time for a return stroke would be 354-13 minute. 
The time required for one complete stroke (forward stroke plus return 


jb atc. 1 A | 
stroke), therefore, is 918^ jg org minute. The number Dd strokes per 
minute is dbtsined by finding how many times : is contained in one minute, 


or by dividing 1 by 3 thus, 15-6, the number of strokes per minute. 


In this calculation, the time lost at the moment of reversal is not 
considered, and a formula for the above calculation can be written as 


follows: 


Ayia Se | J XII 


Par d. 
| STR 

In this formula, 

N=number of strokes per minute. 
L=length of stroke, in feet. 

S= cutting speed, in feet per minute. 
R=return speed, in feet per minute. 


R : | . 
=P, ratio of return speed to cutting speed. 


The above formula can also be derived from the formula, 


L+5 
Solution 
JS 
a ND 
L+5 


b Then V APA (dividing both numerator and denominator of the 
E fraction of a bx S) 


























606 PRACTICAL MATHEMATICS 





of Bat Paz. 


d And Maa (substituting E for Pun b). e Then N= ———7—- 


Lo. 
En _Z (dividing both the numerator and denomina- 


TT aa 


f But the fraction, S 7g tor by S) 





7 : T> substituting in e from f. 
STR 


TEST YOUR KNOWLEDGE OF THE PLANER 


$ Therefore, N= 





7 Find the cutting speed and the return speed of a planer that makes 3 


strokes per minute, when the length of the stroke 1s 68 inches and the 
ratio is “2.4”. 

8 Find the number of strokes per minute for planing, when the cutting 
speed is 50 feet per minute, the stroke is 10 feet, and the ratio is “2”. 


TIME FOR | Lhe.feed of a lathe tool is the amount of side move- 
ment of the tool for each revolution of the work. If 





~ the feed is i inch, for each revolution of the work, 


the lathe carriage with tool moves T inch along the lathe bed, cutting 


a chip T inch wide. 


Feed of cutting tools 


The feed of a drill in the drill press is its downward movement per revo- 
lution. 

The feed of a milling machine is the movement of the milling machine table 
for each revolution of the cutter. | 

Sometimes the feed is expressed as the distance which the drill or the 
milling machine table moves forward in one minute. In order to avoid con- 
fusion, it is always best to state plainly in each case whether feed per revolu- 
tion or feed per minute is meant. | 


Time required for turning or boring work in the lathe 


To calculate the time for turning or boring in the lathe when the feed, 
cutting speed, and diameter of the work are known, first find the number 
of revolutions per minute of the work, using formula IV. 
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A steel bar 5 inches in diameter is to be turned. The length to be turned 


on the bar is 8 inches. The cutting speed is 40 feet per minute and the feed 
of the cutting tool is 0.020 inch per revolution. What is the time required 
to take one cut over the surface of the work? 
LLIEXS PAD n 102,1 (Use 102.) 

Dx3.1416 12 x3.1416 . 


— 


N 


As the cutting tool feeds forward 0.020 inch for each revolution of the 
work, it is fed forward 102 X 0.020, or 2.04 inches in one minute. The time 
required to traverse the whole length of the work, 8 inches, is obtained by 
finding how many times 2.04 is contained in 8, or by dividing 8 by 2.04. 
The result of this division is 3.92 minutes. It would take approximately : 
4 minutes to traverse the work once with the speed and feed given. 

This calculation, expressed in a formula, takes this form: 

time to take one _ length of cut in inches 
cut over the work rev. per min. X feed in inches per rev. 


If T = time to take one cut over the work in minutes, L = length of 
cut in inches, V = revolutions of the work per minute, and F = feed per 
revolution in inches, then the formula can be written: 

| E 


T 





=N 
Using the formula for the calculation: 
8 8 


T=53020x102 204" 3.92 minutes. 


In the formula above, N X F is the distance in inches the tool travels 
in one minute, or the feed in inches per minute, 
If Fu = feed in inches per minute, then the formula can be written: 


¡A 
T= 


M 
TEST YOUR KNOWLEDGE OF MACHINING 


9 A cut 10 inches long is to be taken on a bar of toọl steel 2 inches in 
diameter. How long will it take for one cut, when the cutting speed 


is 35 feet per minute, and a feed of a; inch is used? 
10 A gray iron casting 14 inches in diameter is to have a cut taken 5 inches 
long. Find the time to take one cut, when the feed is = inch and the 


cutting speed is 60 feet per minute. 


Time required for drilling 


Let us calculate the time required for drilling a given depth of hole 
when the cutting speed, diameter of the drill, and the feed per revolu- 
tion are known. 
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A drill 1 inch in diameter has a cutting speed of 35 feet per minute, 
and a feed of 0.010 inch per revolution. Find the time to drill a hole 
45 inches deep. 

Erom Fig. 29, we see that the total 
distance the drill travels downward 
is equal to the depth of the hole, Z, 
. plus the cone height, 4, of the drill, 
or L+%. The cone height can be calcu- 
lated, but it is more convenient to E brn 
refer to a table. From table LIV, the | 
cone height for a l-inch diameter drill 
1s 0.301 inch; thus, the distance the drill 
travels downward is 4.5 inches + 
0.301 inch, or 4.801 inches. For 
calculations of this kind, 4.8 inches 
is sufficiently accurate. 


| FEED=0.010" PER REV 





The number of revolutions per minute can be found from formula IV: 


12xS 12X35 420 


The distance in inches the drill feeds downward in one minute is equal | 


to the feed in inches per revolution times the number of revolutions per 
minute the drill makes; thus, 0.010x134=1.34 inches. As the drill feeds 
downward 1.34 inches in one minute, the time required for drilling a hole 
4.8 inches deep is found by dividing 4.8 by 1.34; thus, 4.8 1.34 23.58 minutes. 
The time for drilling the hole is nearly 3.6 minutes. 

If T = the time required for drilling in minutes, Z = depth of drilled 
hole in inches, V = number of revolutions per minute of the drill, F = feed 
per revolution in inches, and A = cone height for drill, the formula for this 
calculation can be written: 


T= EA 
"EXN 
Using the above formula: | 
qui ORO = RO. apg minutes. 


In the formula above, FXN= Fy, the feed in inches per minute. The 
formula can also be written: 


path 
T= 5 


TEST YOUR KNOWLEDGE OF DRILLING 


11 A 1Linch drill 1s used to drill a hole 2 inches deep. If the feed is 0.012 


inches per revolution and the cutting speed is 40 feet per minute, find 
the time required to drill the hole. 
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12 A inch diameter H.S. Steel drill is used to drill a hole in soft cast iron 


6 inches deep. How long will it take to drill the hole if the feed is 0.008 
inch per revolution? (Hint: Select cutting speed from Table LIII.) 


Time required for milling 


The time for milling can be found if the cutting speed, the diameter 
of the cutter, and the feed per revolution are known. 

It is required to machine a surface 8 inches long with a milling cutter 
3 inches in diameter. The cutting speed is 35 feet per minute, the depth of 


cut is : inch, and the feed is 0.052 inch per revolution. 





Fig. 30 


From Fig. 30a, we see that the total distance the table, and also the work, 
travels to take one cut over the piece is equal to the length of the work, L, - 
plus a, the approach of the cutter to the work. L can be measured, but a 
must be calculated. In Fig. 30b, the side, a, of the triangle is equal to the 
approach of the cutter to the work. 


To solve the right triangle for z, the rule is: 
R?-g?*--(R—dy (See page 274) 
Then æ= R?—(R—4)? 
And a=/R?—(R—-d)?. 
R=radius of the cutter= i inches. 


2 


d=depth of cut=5 inch. 


a=approach of cutter to work in inches. 
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AS-D 
Ow 


= V(L5x1.5)— (1375x1375) 


a= v2.25 —1.89 
0.36 
4 — 0.6 inches 


The total travel of the table is L+a; thus, 8 inches + 0.6 inches = 8.6 


inches. 
The number of revolutions per minute of the cutter can be found from 


formula IV: 
12xS$ — 12x35 4920 
M—Dxadu Soto ow 9 Dm 


The distance the table travels in one minute 1s equal to the feed in inches 
per revolution times the number of revolutions the cutter makes in one 


minute; thus, 0.002X44.5 —2.3 inches. As the table travels 2.3 inches in 
one minute, the time required to travel 8.6 inches is found by dividing 8.6 


by 2.3; thus, 8.6+2.3=3.74 minutes. The time for milling is nearly 37 
minutes. 

If T = time for the cutter to traverse the work in minutes, L = length 
of the cut in inches, 4 = approach of cutter to work in inches, N = number 
of revolutions per minute of the cutter, and F = feed per revolution in inches, 
the formula can be written: 





cda 
ESTIN. 
Using the formula above, 
E 38-010 8.6 
T= 0082x448 "23" 9/4 minutes. 


In the formula above, FXN = Fm, the feed in inches per minute. The 
formula can be written: 
| L+a 


Fu ` 





Ju 


TEST YOUR KNOWLEDGE OF MILLING 
13 A surface 2 inches long is machined with a milling cutter 25 inches in 
diameter. How long will it take, if the cutting speed is 35 feet per minute, 


the depth of cut is a inch, and the feed is 0.046 inch per revolution? 


14 It is required to machine a surface 105 inches long with a milling cutter 
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5 inches in diameter. Find the time it will take if the cutting speed is 


40 feet per minute, the depth of cut 2 inch, and the feed is 0.032 inches. 


Time required for planing and shaping 


The feed of a planer tool is its sidewise movement for each cutting 
stroke of the platen. If the tool-carrying head moves along the cross- 


rail E inch for each cutting stroke, we say the feed is 5 inch. For 


each cutting stroke, there is necessarily a return stroke. In the follow- 
ing, when the expression, number of strokes, is used, it means the 
number of cutting strokes. 

The time for planing a piece of work is readily calculated if the 
width of the work, the number of strokes of the platen per minute, 
and the feed per stroke are known. 


A planer makes 6 strokes per minute. The feed per stroke is : inch, and 


the width of the work is 24 inches. Find the time required for planing the 
work. 


As the feed per stroke is > inch, and the platen makes 6 strokes per minute, 
the feed per minute is 1x6, or : inch. The total number of minutes required 


for the tool to traverse the work is found by dividing 24 by 2 thus, 


24:5 - 24 x3-32 SUCUS 


The time required for planing the work 1s 32 minutes. If T — time re- 
quired for planing in minutes, WY = width of the work in inches, F = feed 
per stroke in inches, and /V = number of strokes per minute, then the formula 
can be written: 


IF 
XM 
Using the above formula, 
pa os = 9 minutes. 
yg So 
8 4 


In the shaper, the work table is given a sidewise movement for each cutting 


stroke of the tool. If the table moves along the crossrail i5 inch for each 


cutting stroke of the tool, we say that the feed is = inch. In the shaper as 


in the planer, there will be a return stroke for each cutting stroke, and the 
expression, number of strokes, means the number of cutting strokes. 
f T = time required for shaping in minutes, W = width of the work 
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in inches, F = the feed per stroke in inches, and NV = the number of strokes 
per minute, the formula can be written: 


T- des 
FXN 
TEST YOUR KNOWLEDGE OF PLANING AND SHAPING 


15 Find the time for planing a surface 4 inches wide, when the number of 


strokes per minute is 6 and the feed is = inch per stroke. 
16 Find the time for planing a casting 16 inches wide, when the length of 


stroke is 3 feet, the feed is 55 inch, the cutting speed is 65 per minute, 


32 


and the return speed ratio is 2 to 1. (Hint: Find number of strokes using - 


formula XII.) 

17 Find the time for shaping the surface of a casting 2 inches wide, when 
the number of strokes per minute is 60 and the feed is 0.010 inch per 
stroke. ! 


THREADS AND | Lhe terms, pitch and lead, of screw threads are 
TAPDRILLS often used interchangeably, with resultant con- 
fusion. The pitch of a thread is the distance from 


the top of one thread to the top of the next thread, as shown in Fig. 31. 
In the National Form of Thread (Fig. 34), the pitch 1s defined as the 
distance from a point on one 
thread to a corresponding pointon _ pes 
the next thread. No matter : 
whether the screw has a single or a 
multiple thread, the pitch is al- 
ways the distance from the top of 
one thread to the top of the next 
thread as stated above. 

The /ead of a screw thread ‘is 
the distance the screw moves for- 
ward in one complete turn, or it is Fig. 31 
the distance the nut will advance 
on the screw for one full revolution of the nut. In a single-threaded 
screw, the pitch and the lead are equal, because the nut moves for- 
ward the distance from one thread to the next thread, if turned around 
once. In a double-threaded screw, the nut will advance on the screw 
a distance equal to two threads, or twice the pitch, so that, in a double- 
threaded screw, the lead is twice the pitch. In a triple-threaded screw, 
the lead is equal to three times the pitch and, in a quadruple-threaded 
screw, the lead is equal to four times the pitch. The lead can also be 
expressed as being the distance from center to center of the same 
thread, after one turn. Fig. 32 shows the lead and pitch for three 
screws with American Acme Standard Threads. The first is a single- 
threaded screw, the second is double-threaded, and the third is triple- 


DEPTH OF THREAD 








. eee ——— ee — SO : 


OUTSIDE DIAMETER 
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threaded. In a single-threaded screw, the lead is the distance to the 
next thread from the one first considered. In a double-threaded 
screw, there are two threads 

running side by side around the eae L TOME TES S 






screw, so that the lead is the dis- PITH PITCH PITCH 
tance to the second thread from | 
the first one considered. In a 
triple-threaded screw, it is the 
distance to the third thread, and, | | A 

in a quadruple-threaded screw, 1t SINGLE THREAD DOUBLE THREAD TRIPLE THREAD 
is the distance to the fourth 
thread. 

The term, pitch, is often used improperly to denote the number of threads 
per inch. We hear of screws having 8-pitch thread or 10-pitch thread, when 
8 threads per inch or 10 threads per inch is meant. The number of threads 
per inch is the number of threads counted in one inch of length, when a steel 






Fig. 32 






VaV VAV V/V V V V 


6 THREADS PER INCH (a) 





(b) 


Fig. 33 


scale is held against the screw, as shown in Fig. 33. Thus, at a, we count 6 
threads per inch. Note that the thread directly under the end of the scale is 
not counted. If there is not a whole number of threads in one inch, count the 
threads in two or more inches, until the top of one thread comes opposite 
an inch-mark. The number of threads counted divided by the number of 
inches will give the number of threads per inch. In 4, we count 11 threads in 
2 inches; thus, 11 +2=55 threads per inch. 


The pitch of a screw equals 1 divided by the number of threads per inch. 
Expressed in a formula: 
1 


pica number of threads per inch ` 


The number of threads per inch equals 1 divided by the pitch of the screw. 
Expressed in a formula: 


number of threads per TE 
pitch 
If p = the pitch, and 7 = the number of threads per inch, then the formula 
can be written: 


1 1 
pe and Bes 
If the number of threads per inch is 10, the pitch equals x If the pitch 


equals 0.025 inches, the number of threads per inch equals 10.025 — 40. 
In multiple-threaded screws, confusion is often caused by the indefinite 
designation used. One way to express that a double-threaded screw is re- 
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quired is to say "two threads per inch double". This means that the screw 
is cut with Z separate and distinct threads. The threads are side by side, 
and the number of threads per inch (counting the threads with a scale as in 


Fig. 83) 1s 4. The pitch of the screw is - inch. The lead for a double-threaded 
. . . 1 1 . 
screw is equal to twice the pitch; thus, 2X175 inch. 


To cut this screw, the lathe would be geared to cut two threads per inch, 
but the depth would be cut for a screw having 4 threads to the inch. “Six 
threads per inch triple" means that there are 6 times 3 threads per inch; 
thus, 6X3=18 threads along one inch of the screw when counted by the 
scale. The pitch of the screw is E inch, but as the screw is triple-threaded, 
the lead of the thread is 3 times the pitch; thus, 3Xig7G inch. 


Perhaps the best way to express that the above triple-threaded screw 1s 


to be cut is 6 inch lead, 18 inch pitch, triple-threaded. 
For single-threaded screws, the number of threads per inch and the form 
of the thread are given. 


American National Form Thread 


The American National Form Thread, formerly known as the 
“United States Standard”, is one of the 
most widely used thread forms in the FLAToNTOP , PITCH 
world. There are two standard series in OF THREAD | 
commercial use: the N.C. (National x al "A 
Coarse) and the N.F. (National Fine). X Y wv Y 
The depth of the National Form Thread | Y 


equals 0.6495 X pitch. The width of the 


DEPTH OF 
| THREAD 


dat of the thread at top and bottom equals | WIDTH OF ELAT AT 
z : : ROOT OF THREAD 
g X pitch. The minor diameter (root diam- Fig. 34 


eter) is found by subtracting two times the 
depth of the thread from the major diameter (outside diameter) of the screw. 


Tap drill sizes 


The diameter of the drill used for drilling holes previous to tapping, 
to produce a full depth of thread, should equal the minor diameter 


of the thread. 

Table LV (page 640) gives the depths of threads for National Form Threads. 
If twice the figure in the table opposite the number of threads 1s subtracted 
from the major diameter, the minor diameter 1s obtained. 


Illustrative Example 
Find the minor diameter for a screw 7-10 NC. 


In the table, under National Coarse-thread Series, opposite S inch diameter 
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and 10 threads per inch, the depth, 4,-1s 0.06495 inches. Twice this depth 
is 2X0.06495 =0.1299 inches. The minor diameter equals the major diameter 
minus 0.1299; thus, 0.750—0.1299=0.6201 inches. From a table of decimal 
equivalents (See Table IX, page 125), the nearest commercial drill size to 


the minor diameter is 0.625 inches, or 8 inch. The tap-drill diameter for a 


2-10 NC tapped hole to produce a thread of nearly full depth is : inch. 


Lower power consumption is required and fewer tapping troubles are 
encountered if the tap-drill size is chosen to produce 75% of thread depth. 
Thread percentage times twice the depth equals 0.75 X2X0.06495 =0.0974 
inches. The tap drill diameter for 75% of thread depth equals 0.750 — 0.0974 = 


0.6526 inches. The nearest commercial drill size to this is 0.65625, or = inch. 
To figure the size of a hole prior to tapping, use the following formula: 


Tap drill size=major diameter—thread percentage X 2A. 
Using the formula, we get: 


Tap drill size=0.750— (0.75 X2 x0.06495) 
= 0.750 — (0.75 x0.1299) 
= (0.750 —0.0974 
=().6526 inches. 


The nearest commercial drill size is 2 inch. 


TEST YOUR KNOWLEDGE OF THREADS AND TAP DRILLS 


18 Find the tap drill size for a 1—8 NC tapped hole to produce a thread 
75 per cent of full depth. 
19 Find the tap drill size for a 2:16 NF tapped hole to produce a thread 


65 per cent of full depth. 


CUTTING THREADS Cutting a thread in an engine lathe isaccom- 

IN THE LATHE plished by moving the lathe carriage a de- 
to, finite distance along the axis of the work 
for each revolution of the work while the tool 1s cutting. If the work 
revolves 10 times while the carriage moves one inch along the bed of 
the ae (axis of the work), 10 threads per inch will be cut on the 
work. 

The number of times the spindle (which revolves the work) revolves 
while the carriage moves one inch along the lathe bed is controlled 
by placing gears of different sizes on the spindle stud shaft and the 
lead screw. Since the gears can be changed at will by the operator, 
they are called change gears. 

The change gears can be arranged to form either a simple gear 
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train or a compound gear train, and are usually designated as simple 


gearing or compound gearing, (See Figs. 35 and 36.) 
A simple-geared lathe has only one change of speed between the 


ds 
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Fig. 35 


stud shaft and the lead screw. When simple gearing is used, it is 
always necessary to use an intermediate gear between the gear on the 


stud shaft and the gear on the lead screw. 


WT TPS Ep GEAR ON 
j PEO LATHE SPINDLE 
; PROA \ 
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: ) 
(ork CHANGE GEAR 
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CHANGE GEARS 
ON INTERMEDIATE STUD 


Fig. 36 


The intermediate gear has no influence on the rate of turning of 
the lead screw and at the same time allows it to turn in the same 


direction as the stud shaft. 
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Finding the lead. 


To make change gear calculations for the lathe, we must first find 
the “‘lead” or “lathe constant". | 

To find the lathe constant of a lathe, place gears with the same number of 
teeth on the stud shaft and on the lead screw. Then cut a thread on a piece 
of work in the lathe. The number of threads per inch cut on the work is 
called the “lathe constant” of the lathe. 


Illustrative Example 


In a certain lathe, place gears with 40 teeth on the stud shaft and on the 
lead screw, and any convenient gear on the intermediate stud. Then cut a 
thread on a piece of work placed between centers in the lathe. If the number 
of threads per inch when counted is found to be 6, the “lathe constant” of 
this lathe is said to be 6. Once the lathe constant for a given lathe is found, 
it is recorded. It is always the same for a given lathe. 


Thread cutting with simple gearing 


When the “lathe constant” has been found, the number of teeth in 
the change gears for cutting any number of threads (within the capa- 
city of the lathe) can be determined. 

The rate of travel of the carriage compared with the revolution of the 
spindle is a fraction whose numerator is always the same as the “lathe con- 
stant” and whose denominator is always the same as the number of threads 
per inch to be cut. Multiply the numerator and denominator of this fraction 
by the same number (any number) to get a new fraction with a larger numer- 
ator and denominator. In this new fraction, the numerator gives the number 
of teeth in the gear on the stud shaft and the denominator the number of 
teeth in the gear on the lead screw. This rule can be expressed as a formula: 


lathe constant _ teeth in gear on stud shaft 
threads per inch to be cut teeth in gear on lead screw’ 


The gears supplied with the lathe are varied in size by adding the same 
number of teeth to the number of teeth in the gear next below in size. The 
number of teeth added is known as the gear progression. In many lathes, the 
gear progression is 4; in a few lathes, 5 and 7 are used. With a gear progression 
of 4, the smallest gear is usually 24 teeth, and proceeds 28, 32, 36, 40, and 
so on up to 100 teeth. . 

Eight threads per inch are to be cut in a lathe, which has a lathe constant 
of 6. The gear progression is 4 and the gears available are 24, 28, . . . , 100. 


lathe constant _6 6x4 24 _ stud gear 
threads per inch to be cut 8 8X4 32 lead screw gear 


By multiplying both the numerator and the denominator, we obtain two 
gears that are available, with 24 and 32 teeth, respectively. The 24-tooth gear 
is placed on the stud shaft, and the 32-tooth gear on the lead screw. 

If both numerator and denominator were multiplied by 5, we should have: 


6 6x5 30 


— —>+ 


8 8x5 40 


\ 
| 
I 
I 
| | 
į 
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un two gears are not available in the change gears supplied with this 
athe. | 
Any two gears having the same ratio can be used if available. 








These gears are available and could be used. 


It is required to cut 115 threads per inch (pipe thread) in a lathe which | 








has a lathe constant of 6. The gear progression is 4 and the gears available 
are 245 205 as 4", 200 
6 6x4 24 
115 115x446 > 
"These gears are not available. 
SE 
115. Ioe g a 
These gears are available. 
00 720750: 230 





These gears are not available on the lathe above, but, as Hs threads per 


inch is widely used, many lathes are supplied with a 69-tooth gear for this 
purpose. 
TEST YOUR KNOWLEDGE OF SIMPLE GEARING 
20 A lathe has a constant of 6. If the gear progression is 4, and gears avail- 
able are 24, 28, . . . , to 100, calculate the change gears for cutting 12 
threads per inch. 
21 Find the change gears for cutting 20 threads per inch, when the lathe 
constant is 8. Gear progression and gears available are the same as in 


problem 20. 





Because the change gears of a lathe are limited in number, it is not 
possible to cut all numbers of threads per inch by simple gearing, 


| 
| 
| 
Thread cutting with compound gearing 
and compound gearing must be used. 


The same method is used in compound gearing as for simple gearing, 
except that both the numerator and the denominator of the fraction are 
divided into two factors, one factor in the numerator and one in the denom- 
inator making one pair. 


Illustrative Problem 


Using the same lathe constant and gear progression as in simple 
gearing, cut 32 threads per inch. 


Our fraction is 35° 

















d 
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Dividing the numerator and the denominator of the fraction into two 
factors and multiplying the numerator and the denominator of each pair by 
the same number as shown below we get, 


6 2x8 (2X16)(8X12) 32x36 


—— i 
== — E== 





The four numbers in the last fraction give the numbers of teeth in gears 
to be used. These gears are available and are placed as follows: the gears 
in the numerator, with 32 and 36 teeth, are the driving gears, and those in 
the denominator, with 64 and 96 teeth, are driven gears. In Fig. 36, the 
driving gears are gear 4 on the stud shaft, and gear C the second gear on 
the intermediate stud, which meshes with the lead screw gear. Driven gears 
are gear B on the intermediate stud, which meshes with the stud shaft gear, 
and the lead screw gear, D, which meshes with the second gear, C, on the 
intermediate stud. 

The formula for calculating compound change gears can be written as 
follows: 

lathe constant . product of teeth in driving gears 


threads per inch to be cut product of teeth in driven gears ` 


Using the compound gearing, find the change gears to cut 36 threads per 
inch when using same lathe as above. 


6 2x3 (2x10) (3X8) 32x24 


—— LM ———— OS ———————————————D 
— — — 


36 4x9 (4X16) (9X8) 64x72 


The gears with 32 and 24 teeth are the driving gears and the 64- and 72- 
tooth gears are driven gears. 

From Fig. 37, we see that the gears with 32 
and 64 teeth are mounted on the same shaft and 
revolve together—that is, when one makes a 
complete turn, the other also makes a complete 
turn. The compound gear (as it is called) is 
made up of two gears, one having twice as many 
teeth as the other. The effect of the compound 
gear is to change the speed ratio 2 to 1. With 
the compound gear in the gear train, the lead 
screw will turn only one-half as fast as it did 
before and the number of threads cut will be 
twice as many as when the same gears are used 
on the stud shaft and lead screw in simple 
gearing; thus, to cut 36 threads per inch com- 
pound gearing, divide the number of threads per 
inch to be cut by 2 and use the formula for simple 








gearing. 
36=2=18. 
6. 6X4 24 stud gear 
18 18x4 72 screw gear Fig. 37 


The compound gear can be any two gears in which the tee gear has twice 
as many teeth as the small one; thus, the compound gear could be 32 and 64, 


24 and 48, 28 and 56, etc. 
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TEST YOUR KNOWLEDGE OF COMPOUND GEARING 


22 It is required to cut 30 threads per inch on an engine lathe with a con- 
stant of 8 and a gear progression of 4. The change gears available are 
2I oe , 80. Find the change gears using compound gearing. 

23 Find the change gears for cutting 40 threads per inch on the lathe in 
problem 22. Use compound gearing. 


TAPER CAL-| Taper is the difference in the diameter of a cylindri- 
CULATIONS cal piece of work. Taper is usually expressed as 
— —— taper per inch or taper per foot. 

Taper per inch is the difference between the two diameters in a tapering 
piece one inch long. 





E ÓOOEE OO NN I E E, > 
t. É ee 


In Fig. 38, the diameter at the small end is : inch, and the diameter at 


the large end 77 inch, and the length of the piece is 1 inch; the taper, therefore, 


9 
16 
IS —— 16 inch per inch. 


Taper per foot is the difference between the two diameters in a 
tapering piece 1 foot long. 


In Fig. 39, the diameter at the small end is E inches, and the diameter 


T ze -L 
Tet a ibe 4 -y 
ig MÀ m 


Fig. 38 Fig. 39 Fig. 40 


at the large end E inches, and the length of the piece is one foot. The taper 


is : inch in one foot of length, or ; inch per foot. 





Tack 40: ke daner ae bean i CUR 1 


inches, and at the large 


end 155 inches, and the length is 5 inches. The difference in the diameters is 
T 9 De: | 5 ; 
lie lae or 35 inch, and the taper is 35 inch in 5 inches. If the taper in a 


given length is known, the taper per inch can be found. If the taper is 3 
inch, and the length is 5 inches, the taper per inch equals the taper in 5 inches 


taper per foot is found by multiplying the taper per inch by 12. The taper 
per foot in this case is pee inch. 
92. 5 


The length zs always measured along the center line (axis) or the work 
or parallel to it, and never along the tapered surface. 


| 
a cee Doc a | 
divided by 5, or (in this case) 39797839 which is the taper per inch. The 7 
What has been stated above may be shown more clearly in Fig. 41. The 
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length of the tapered piece is 1 foot, and the diameters at the small and 
large ends are 1.000 inch, and 1.600 inch, respectively. The difference 
in the diameters in one foot of length equals 0.600 inch, and the taper per 
foot is said to be 0.600 inch per foot. The taper per inch is found by dividing 


clas :u————HÉ- 
— 
= 











Fig. 41 


| the taper per foot by 12; thus, 0.600=12=0.050 inch. The taper per inch 
| is said to be 0.050 inch per inch. 

| From Fig. 41, we see that, at a distance 1 inch from the small end, the 
| diameter would be increased by an amount equal to the taper per inch or 
| 1.0004-0.050 «1.050 inches. At two inches from the small end, the diameter 
| would be increased by 2X0.050=0.100 inches. At two inches from the 
| small end, the diameter would be 1.0004-0.100 2 1.100 inches. Thus, we see 
| that the diameter increases 0.050 inch for each inch of length, and in one 
| foot, or 12 inches, the diameter increases 120.050 inch, or 0.600 inch. 
| Therefore, the amount of taper for any given length is equal to the taper 
per inch times the length of ihe taper in inches. From Fig. 41, we see that the 


| taper in 4 inches is 4.5>0.050, or 0.225 inch, and the diameter 4 inches 
le from the small end —1.0004-0.225 = 1.225 inches. 





Formulas for calculating taper 
The formulas for taper per inch and taper per foot can be written: 


large diameter —small diameter 
length of work in inches 

large diameter — small diameter x12 
length of work in inches 


taper per inch = 


taper per foot= 


I[ 7. — taper per [00f; 43,7, = taper per. inch, L --length--of work 


| 
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inches, D = diameter at large end in inches, and d = diameter at small end 
in inches, then the above formulas can be written: 
Te speg 

771. E 


T. ne Lx 12 


DIAMETER AT SMALL END OF TAPER 


When the length of the work, the taper per foot, and the diameter at 
the large end are known, and the diameter at the small end is to be found, 
the formula below can be used: 


taper per 
diameter small end = diameter large end — FOIE X length 


12 
sats Ty, 
or 4-D-(3$ XL) 


DIAMETER AT LARGE END OF TAPER 


When the length of the work, the taper per foot, and the diameter at the 
small end are known, and the diameter at the large end is to be found, the 
following formula can be used: 


taper per 
diameter large end 2 diameter small end 4- — 9 x length 
Lou e 
or D=d+ Dx) 


DISTANCE BETWEEN TWO DIAMETERS ON A TAPERED PIECE 


If the taper per foot is given, and the diameter at the small and the large 
ends are known, the length of the piece can be found from the formula below: 


diameter large end — diameter small end 
taper per foot +12 


length — 
Illustrative Example 


8 
end and 13 inches diameter at the large end. The taper is 0.6 inch per 


TE ! dE ; 
A cylindrical piece of work measures ¿ inch diameter at the small 


foot. Find the length of the taper. 
The formula for the length between two diameters is: 
= D-d 
R Ty 12 











" A a 
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Substituting the given values in this formula, 


d 
SUO UD OD os 
L- ae- P 0050 ^ Inches 


In the denominator of the above formula, taper per foot+12, equals taper 
per inch. This formula can also be written: 
D-d 
L= 
Lin. 
TEST YOUR KNOWLEDGE OF TAPER 


24 The taper on a No. 4 Morse Taper Reamer is 0.623 inch per foot. What 
is the length of the tapered part, if the diameter at the small end is 
1.020 inches and the diameter at the large end is 1.293 inches? 


25 The diameter of a tapered piece Gm 
is 0.778 inch at the small end ; 
and 0.991 inch at the large 
end. What is the taper per 
foot, 1f the length of the ta- 
pered part is 4.246 inches? 
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Setting the taper attachment 











ut^ ——— 
d AAA À —31 


The taper attachment (See 
















Fig. 42) is an accessory devel- MAUI N ia aoe 
oped especially for turning VW (UR / Z 
SW Ku 


to be cut, and has largely dis- Fig. 42 | 
placed the offset tailstock meth- 

od (setover method) of turning tapers. In this method, the lathe centers 
are always in alignment, and the taper attachment, once set, repro- 
duces the same taper no matter what the length of the work. It can 


tapers. The taper attachment A NV MA. 
permits a wide range of tapers rff M 
qoo Ü 





Fig. 43 Fig. 44 


be used to produce both inside and outside tapers. (See Figs. 43 and 
44.) The swivel bar, which controls the taper, is graduated at one 
end in inches per foot of taper (taper per foot). (See Fig. 45.) 
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To set the taper attachment, we must know the taper per foot so that we 
may set the swivel bar. 

To produce the taper in Fig. 46, by using a taper attachment, we must find 
the taper per foot. 


D—-d 
rA 
C 
8 8 

Ts = EUN x IS 

Tn = 2 S X 12 

From a table of decimal equivalents, we find that 0.600 inch= 2 inch, 
almost. 


To set the taper attachment to cut 
the above taper, move the swivel slide 
until the zero mark on the stationary 


at p ; 
basecoincides with =~ inch on the swivel 


64 | 
slide. Take trial cut and make any 
slight adjustment of swivel slide neces- 


sary to produce taper to the accuracy 
desired. 


TEST YOUR KNOWLEDGE 
OF TAPER ATTACHMENTS 





26 A piston rod is 385 inches long, and 
tapered at one end for 6 inches. If the diameter at the large end of the 


taper 1s 37 inches, and the diameter at the small end is 3l inches, find the 


a 
setting for the taper attachment. 
27 Find the setting for the taper attachment to cut the taper in Fig. 47. 


Setting the tailstock for turning tapers 


Fig. 48 shows the tailstock of the lathe set over for turning a taper. 
The centers of a lathe are in per- 
fect alignment when the cutting 
tool, mounted in the tool post of 
the lathe carriage, travels parallel 
to the center line of the lathe. lf Econ 
a piece of work is then placed OF SET-OVER TAIL-STOCK 
between centers and revolved, Fig. 48 
and a cut taken over it, a cylin- 
drical piece is generated. The cylinder will have the same diameter 
throughout its entire length, or, we say, it is turned “straight”. 


AMOUNT TAIL-STOCK 
IS SET OVER 












HEAD-STOCK 
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If the position of the tailstock center be changed by moving the tail 
center out of alignment with the live center any amount, 4, as shown in 
Fig. 49, the center of the work at the DM LC 
tàil center end will be nearer to the line 
of travel, cd, of the tool than the center Q 
of the work at the live center end, and ¿Alea 
a tapered piece is generated. Setting Fig. 49 
over the tailstock 18 a common method S 
for turning tapered work, especially when the lathe is not equipped with a 
taper attachment. l MM 

The amount of taper depends on the entire length of the work between 
centers, and the set-over of the dead center in each case. When the tail 
center is set over the amount, a, as in Fig. 49, the radius at the small end 
will be smaller than the radius at the large end by the amount, s: The di- 
mension, 5, is equal to a, the amount the tail center has been set over, and 
the taper of the work in the length between centers is twice the amount 
the tail center is set over, or the set-over is one-half of the taper in the length 
of the work between centers. The length of the work is always measured 
along the center line of the work or parallel to it, and never along the tapered 
surface. (See Fig. 48.) 

FINDING THE SÉT- OVER 

When the work is tapered its entire length, the set-over can be found 
if the taper per foot and the length 
are known. 









. 1 —— r E 
In Fig. 50, the taper per foot is ue ilu da dd 
inch, the length is 9 inches, and the = 9" ET 
set-over is to be found. First find Fig. 50 
how much the work tapers in 9 inches. 


This can be found by dividing : inch by 12, and multiplying the result by 9. 


is 3 
51 12x9=5 


The taper in 9 inches is 8 inch and the tail center is set over one-half of 


this amount. The set-over is 5 inch. 
Thus, the formula for finding the set-over, when the taper per foot and 
the length of the work are known, is: 
1 / taper foot ,, IS 
set-over - ( SPS Bt oat X length of work) 
If a = amount of set-over, Ty, = the taper per foot, and L = length 
of the work, the formula can be written: 
It i$ not practicable to calculate the set-over of the tail center so accurately 
that the taper can be produced to exact dimensions without taking a trial 
cut. This is because the lathe centers enter the work to support it. In our 
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calculations, we have made no allowance for this, but have assumed that 
the distance between the points of the centers and the length of the work are 
the same. The calculation for the set-over gives a close approximation; 
after a trial cut, we can make the necessary adjustments of the tail center 
to produce the correct taper. 

When the work tapers its entire length and the diameters at both 
the large and the small ends of the work are known, the set-over can 


be found without knowing the taper per foot. All that it is necessary - 


to know is the taper in the length between the centers in the lathe. 
In Fig. bL, the" diameters: at -the 


large and the small end are : inch and “To Em 
: inch respectively, and the length is 9 ¡ae do S NET == 


inches. Fig. 51 
The taper is the difference between 
the diameter at the large end and the 


small end. Thus, the taper in 9 inches of length is = = or : inch. The set- 


MES 
over is one-half the taper. The set-over is 16 inch, and the formula for the 
above calculation can be written: | 
1 i 
set-over —5 (large diameter — small diameter) 


or 0=5 (D—d). 


When part of the work is turned straight and part of it turned 
tapered, the taper in the entire length of the work must be found. 
The set-over is one-half of this amount. 


In Fig. 52, the diameter at the small end of the taper is ; inch. It is tapered 


for 6 inches, and the diameter at the large end of the taper is a inch. It is 
then turned straight for the remaining sae > ER 
3 inches to a diameter of 3 ch: the x9 p — — 


total length being 9 inches. | pp 


First find what the taper would be 
in 9 inches when cut tothe same taper Fig. 52 
as is required in 6 inches. The set-over 


is one-half of this amount. The taper in 6 inches is c inch. The taper 


per inch equals 25 or = inch, and the taper in 9 inches equals er 


or y inch. The set-over is one-half of this amount; thus, sr las inch. 


If the taper in Fig. 52 be continued beyond the 6-inch length, as shown by 
the broken line, Fig. 52 would become the same as Figs. 00 and ol. The 
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following formulas can be used when part of the work is straight and Part 
tapered: 


set-over = | X (taper per inch X total length) 
Set-over =5 5x Peg X total length ) 


It is important to note pe in the set-over method, the entire length of 
the work must be used in calculating the taper. The set-over 1s one-half 
of this amount. 


TEST YOUR ABILITY TO FIND THE SET-OVER 
AG A š 3 1 3 : 3 é 3 A à 1 ^ 
28 A piece of work 95 inches long is tapered for 6 inches from one end. 


1 


The diameters at the large and the small end of the taper are E and 5 


8 


inches, respectively. Find the set-over for the tailstock. 
29 A piece of work 24 inches long is tapered at one i The diameters at 


the large and the small end of the taper are 2 and 15 inches, respectively. 


Tr 4 . 1 . 1 $ . gu 
If the tapér per foot is 15 inches, whát set-over 18 required? 


tH E INDEX The mechanism known as the index head is mounted 
on the milling machine table and is used to perform a 
wide variety of jobs. In cutting the teeth in a gear, 
we must have each tooth properly spaced in relation to the other teeth 
in the gear. This process of spacing the teeth in a gear, or of gne 
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Fig. 53 
the periphery of a piece of work into a number of parts, is called ins 


dexing. Fig. 53 shows the index head, which is sometimes called 


"dividing head" or “spiral head”. 
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A worm gear (worm-wheel), 4, is mounted securely on the index head 
spindle, B, The worm, C, which is an integral part of shaft D meshes with 
the worm gear, 4. Secured to shaft D, at the opposite end from the worm, 
C, is the crank, E, in the outer end of which is fitted a pin, F. The end of 
the pin has a cylindrical projection which fits into the holes of the index plate, 
G. When the crank, E, is moved, the worm, C, is rotated, and imparts motion 
to the worm wheel, 4, and the work held in the index head is rotated. 

By moving the crank with the index pin a definite number of holes in one 
of the index circles, we impart a certain movement to the spindle and the 
work. Calculations for indexing consist of finding how much the crank, £, 
is required to be turned to produce the required movement for indexing 
the work. 

Fig. 54 shows a schematic diagram of the index plate and mechanism. 


Calculations for indexing 


Most index heads are constructed with a single thread worm engag- 
ing a worm gear having 40 teeth. When the index crank, E, makes one 
full turn, the worm, C, is also re- 
volved one full turn, and this moves worm WHEEL ¿o BES 





I 
the worm gear one tooth, or 20 of its 


circumference. In order to turn the 
worm gear and the spindle on which 
it is mounted one whole revolution, 
we have to turn the index crank 40 Fig. 54 

revolutions; thus, the ratio between 

the index crank and the spindle is 40 to 1. If we are required to re- 
volve the spindle (work) one-half revolution, we should have to 


turn the index crank =x 40, or 20 revolutions. If 


; 1 
. we are required to revolve the spindle 1 revolu- 


tion, we turn the index crank ¿X40, or 10 revolu- 


tions. 

Fig. 55 shows a circular piece of work with 10 
equally-spaced notches cut about its periphery. To 
revolve the spindle (work) once requires 40 revolutions 


of the index crank. To revolve the spindle 10 fa Fig. 55 


revolution would require as many turns of the index | | 
crank as 40+10, or 4. After the first notch is cut, the index crank would 


be turned 4 revolutions, thus causing the spindle (work) to be revolved 5 


of a revolution. The second notch is then cut and the process repeated until 
all of the notches have been cut. In a like manner, a piece of work with 20 
notches would require 40+20, or 2, turns of the index crank to revolve the 





a 
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work x revolution; if 80 notches were required, the movement of the index 


crank would be a» or - turn, to revolve the work = revolution. 


Thus, we see that 40 is the index head constant, and 40 divided by the 
number of divisions required equals the revolutions of the index crank to 
move the spindle (work) the required amount. 


DivisioNs Turns or INDEX CRANK 
CONSTANT REQUIRED FOR Eacu Division 
40 => 10 pes 4 
40 + 20 = 2 
40 + 40 = 1 
1 
40 + 80 = 5 


HOW TO USE THE INDEX PLATE AND SECTOR 


In indexing, we are often required to make only a part of a turn 
of the index crank to get the required movement of the spindle. 
. It is required to cut a gear having 65 teeth. Find the proper index circle 
and the setting for the sector. A 


D . 40 à 
In this case, the division is indicated by the fraction, Gp meaning that 


E of a whole turn of the index crank is required to revolve the gear E ofa 


revolution. This fractional turn of the index crank is accomplished by making 
use of the index plates supplied with the index head. 

Most index heads are supplied with 3 index plates, each having 6 index 
circles. The plates and circles given below are those regularly supplied 
with the Brown & Sharpe Manufacturing Company's index head. 


PLATE CIRCLES 
1 T5-16-17-16-19-20 
2 PA B A EAS A Hi 
J 37-39-41-43-47-49 


From the circles available, we find that 65 is missing. 


. .. 40 
It is possible to change the fraction, Gg to a new fraction 





having a denominator that is the same as one of the 
index circles available, however. Thus, Fig. 56 
40-5 8 9X9 .24. 
65-5 13 13x339 | 
We find, from the table of index circles, that 39 is available. Plate 3 would 


be mounted on the index head and the index crank moved 24 holes in the 
39-hole circle. Fig. 56 shows the arms of the sector set for 24 holes in the 
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39-hole circle. (Caution: Never count the hole in which the pin of the index 


-crank is placed. For 24 holes, there should actually be 25 holes between the 


arms of the sector, but one 1s filled by the pin.) 

In the fraction representing the part of a turn of the index crank, the 
denominator is the number of holes in the circle to be used and the numerator 
is the number of holes the index crank is moved. 


Divisions Crank e WHOLE No. Ti 

CoNsTANT ‘REQUIRED TURNS TURNS Hotes. - CIRCLE 

dire EE 6 6 12 18 

Mg pn Pee - 0 24 39 

40 a 8 = 5 5 0 Any * 

a eee ne 4 12 27 

40 4 5 = 8 8 Any 

l 7 8 
AQ Es 85 = 17 0 8 17 


TEST YOUR ABILITY TO FIND THE INDEX CRANK 
30 It is required to cut 9 flutes regularly spaced in a reamer. Find the 
movement for the index crank. 


31 It is required to cut a gear having 55 teeth. Find the movement for 
the index crank. 


CALCULATIONS FOR INDEXING FOR ANGLES 
In Fig. 57, a circular piece of work is shown with two cuts, the angle between 
the cuts being 345 degrees. Here the work is not required to make a complete 


revolution, as is done when a definite number of 
regularly-spaced notches are required, as in Fig. 55. 
Instead, we are required to find the movement of 
the index crank necessary to produce the required 
movement of the work in degrees before another cut 


is taken. Indexing for angles is required whenever x ptm A 


the angle given is not a simple fraction of the whole 





circle (as, for example, 90 degrees, which is n of a 





whole turn; or 72 degrees, which 1s : of a whole turn; < 
ig. 


or 36 degrees, which is a of a whole turn). The number of turns of the 
index crank in these cases is determined as explained before but, if the angle 
required is 34, degrees, the calculations for the indexing movement must be 


carried out as follows: 

Since there are 360 degrees in one complete circle, when the spindle (work) 
makes one revolution, the spindle revolves through 360 degrees; thus, if it 
requires 40 turns of the crank, to produce one revolution of the spindle (860 
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degrees), one turn of the index crank must move the spindle through an angle 
equal to 360 degrees divided by 40, or 9 degrees. Of the index circles available, 
18 and 27 are divisible by 9; thus, 18+9=2 and 27+9=3 gives the number of 
holes to move the crank in the respective circles, to move the spindle 1 degree. 

If the index crank is moved 2 holes in the 18-hole circle to index the spindle 


1 degree, then 1 hole in the 18-hole circle indexes the spindle 5 degree. Ina 
like manner, 3 holes in the 27-hole circle indexes the spindle 1 degree; 1 hole, 
: degree; and 2 holes, s degree; thus, if the angle 
contains a half degree, the plate with the 18-hole 13°40" 
circle is used. To index 345 degrees, proceed as follows: 
345 degrees — required angle 
—2( degrees —3 whole turns of crank 


75 degrees = fractional turn of crank required 


2 


7 degrees — 7 degrees +5 degree = 14 holes+1 hole 


Fig. 58 
345 degrees =3 turns+15 holes in the 18-hole circle 


In Fig. 58, the required angle is 13°40’. As 40’ is : degree, the plate with 
the 27-hole circle would be used. 
135 degrees — required angle 


— 9 degrees=1 whole turn of crank 


Ae degrees = fractional turn of crank 


3 


4 degrees = 4 degrees + = degree = 12 holes + 2 holes 
13?40' 21 turn + 14 holes in the 27-hole circle. 
TEST YOUR KNOWLEDGE OF THE INDEX HEAD 


32 It is required to have an indexing movement of 105 degrees. Find the 
plate, circle, and number of turns of the crank. - 

33 Find the plate, circle, and number of turns of the crank to have an 
indexing movement of 38°40’, 


DIFFERENTIAL INDEXING 


Only a limited number of divisions can be indexed by using the 
three plates regularly supplied with the index head for plain indexing. 
Many divisions not obtainable by plain indexing can be indexed by 
the differential indexing process. In this process, it is possible to have 
the plate and the crank revolve at the same time. The movement of 
the crank and plate is obtained by a train of gears interposed between 
the spindle of the index head and the worm shaft which imparts motion 
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to the plate. By this arrangement, the index crank is moved in the 
same circle of holes and the operation is like plain indexing. 


A simple explanation will serve to show the problem involved in 
making the computation. 


If gears are placed on the spindle, S, and the worm shaft (usually called 
work), W, of the index head (Fig. 59) 
and one intermediate gear used to 
complete the train, the plate will 
rotate in the same direction as the 
crank. With two intermediate gears, 
the plate will rotate in a direction 
opposite to the crank. 


If the index plate is stationary, 
the index crank will pass the point, 
P, 40 times (Fig. 60) for one com- 
plete turn of the spindle. With gears 
having the same numbers of teeth 
placed on the spindle, S, and the ES | 
worm, W (Fig. 59), and one interme- Fig. 59 
diate gear, the plate will rotate in the ! i 
same direction as the crank. In this case, the crank will pass the point, P, 
only 39 times for one turn of the spindle. This is because the plate, in making 
one complete turn, makes up for the fortieth turn, or one division is subtracted 
from the regular indexing. | | | 


In like manner, if two intermediate gears are used 
to complete the train, the crank will rotate in the op- 
posite direction to the plate and the crank will pass 
the point, P, 41 times for one turn of the spindle, in 
order to make up for the one revolution of the plate in 
opposite direction, and one division is added to the 
regular indexing. 


Thus, it is shown that the total movement of the 
crank at every indexing is equal to its movement relative 
to the plate, plus the movement of the plate when the 
plate rotates in the same direction as the crank, and 
minus the movement of the plate when the plate rotates in a direction opposite 
to the crank. By using the proper change gears, we can obtain the desired 
movement of the plate for each indexing. 


In practice, the matter is even simpler than it appears in the ex- 








planation. By following through the steps discussed in the accom- 


panying illustrative problem, the reader will have little difficulty in 
determining the procedure. | 
Illustrative Problem 
It is required to find the indexing to cut a gear with 250 teeth. 


a Select the index circle. (As the regularly supplied index plates are to be 
used, select a number of divisions that can be obtained by plain indexing 
and find the required movement of the crank. The number of divisions 
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~ selected can be either larger or smaller than the divisions to be indexed. ) 
r Thus, | 7 
250= number of divisions required 
| | 240 — number of divisions selected to find index rele 
40 1 1743-9 

40 + *240—507 6 and: > 6x3 18 

Use plate #1 and set the sector arms for a crank movement of 3 holes 

in the 18-circle. 

b Find the change gears to. produce the required movement of the plate. 


The required movement of the spindle (work) is 250 revolution for each 


> | cut: The required movement of the crank to rotate the spindle x 


revolution is 40 Xz or = revolution. 


The movement of the plate is the difference between the crank movement 
for indexing the number of divisions selected (240) and the number of divisions 


required (250). 
H0. AN AU 40-40-10 E, d 
240 250 240-40 250+10 6 25 


The common denominator of these two fractions is 6X25. 


Subtracting, we get: 
| lY- 4.. 25 24 1 


o — ——— TM 


6 2b 6X25 6x2b 6x25 


The required movement of the plate 1s as revolution, while the spindle 





makes == revolution. 


250 
As motion is imparted to the plate from the spindle, the change gears 


necessary to revolve the plate oo revolution while the spindle revolves 
= revolution can be found. 

Multiply both fractions by the same quantity to reduce them to smaller 
fractions, and repeat the operation if necessary to change them to whole 
numbers. 

6X25 


6X25: 


AA = "980 "950^ E revolution of spindle, 


ae (OK 29) aoe 


=1 revolution of plate. 


1 
dien 
| zi 


And 
1x55 revolutions of uc 


2X5-3 revolutions of spindle. 


| 
I" 
| 
| As the number of teeth in the gears is inversely proportional to the number 
| of revolutions the gears make, the teeth in the gears are found by inverting 
| the number of revolutions they make. Thus, 


9 revolutions of plate — 3 teeth in worm gear 


ES 3 revolutions of spindle 5 teeth in ue gear 
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The change gears supplied have numbers of teeth as follows: 24 (2), 28, 
32, 40, 44, 48, 56, 64, 72, 86, 100. 
3 3X8 24 worm gear 


5 5x8 40° spindle gear’ 


With a 40-tooth gear on the spindle, $, and a 24-tooth gear on the worm, 
W, and two intermediate gears to complete the train, the spindle will be 


indexed 35 revolution when the crank is moved 3 holes in the 18-hole circle. 


The formulas given below can be used to obtain the same results: 


S =the number of teeth in the spindle gear. 

W =the number of teeth in the worm gear. 

g, =the first intermediate gear on the idler stud. 
g2 =the second intermediate gear on the idler stud. 
N =the number of divisions required. 


N' — the number of divisions selected that can be obtained 
by plain indexing. 


The formula, 77-40— (OXN), requires one intermediate gear and is 
used when / is less than NV’. 


The formula, Li (OXN)—40, requires two intermediate gears and is 
used when V is greater than NV’. 


Using the formula to find the change gears, when the required number of 
divisions is 250, we get: 5 


S= (QxN) 40 
¿> 50 X280) -40 
>= $250) —40 


$ 250 240 10 5 


Pee — ——M —À — 


| ESTO ASAS 
“Multiplying both the numerator and denominator by 8 to get gears with 
“numbers of teeth that are available, we have: 
S 5x8_40 spindle gear 
W 3X8 24 worm gear 


AS 
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COMPOUND GEARING 


When the movement of the plate relative to the spindle cannot be 
obtained by simple gearing, we use compound gearing. 
The formulas for compound gearing are given below: 
s / 
SEE (OXN) Used when N is less than NV 


WXL? and requires one intermediate gear. 


S ZE =(QXN) —40 Used when NV is greater than NV’ 





WX and requires one intermediate gear. 
dtd of divisions required is 239. 
40. 9 
N=239, N* 240, and 0- 


5X£ . 40 (QxN) 








WX gs 

PI -40— (55239) 
a P 
SXg1 _ 240 239 1 


Wxg d 6 6 


De 5x2 (sx) x 12) 3224 
WX 1x87 (x64 (6x12) 64x72 


S X £1 ^ d x24 
W Xe, 64X72 


S=32 teeth, W =64 teeth, g1—24 teeth, g2=72 teeth. 








Fig. 61 shows the proper arrange- 
ment of the gears on the index head. 
The intermediate gear may have 
any number of teeth. 


TEST YOUR ABILITY TO 
CALCULATE CHANGE GEARS 


34 Select the plate and circle, and 
calculate the change gears for 
indexing a gear with 119 teeth. 


35 It is required to cuit a gear with 
251 teeth. Find the plate and 
circle, and calculate the change 
gears for indexing, using com- 
pound gearing. 























Solutions lo Questions and Exercises in Jaime 9 





DIFFERENTIAL EQUATIONS 
DISINTEGRATION 


1 M:=amount remaining at any time, ¢ 
Mo=original amount 
dM — —5x10-3Mdt5 
log M=—5X10-3t-+c¢ 
m= and M=Mo, c=log Mo 
E PER -8 
log M. bxI0r*; 
Part remaining 


¿=5 days 0.9753 
t=100 days 0.6066 
¿=365 days 0.1612 
21 = 138.62 days; tx =277.26 days 


dM 


2 aap — kM; log M = —kt+c 

when ¢=0 and M = Mo, c=log Mo 

log = = — kt; J= eH; Mi= Mo e—kt 

log 4= — Bids log 2= = kth yoke oe DE 
3 (from 2) 6. ; 9l 

0.6931 
Mz — .10341 
k= ET > 2e 


SIMPLE DIFFERENTIAL 
EQUATIONS 
4 9.2. 29 T L0 


das wes ide 


ges an y E du 
5 2/714 Sb Let? o "hp E 
du Gu dx 
ig et) ee 
y 
—e 7" t=l0g x+log c; log ex 2 —e-x 


(This answer may appear in several 
different forms.) 


dy y? dy dx 
dx x? x? x? 


T 
p MEE CU EE TY Sexy 


LINEAR DIFFERENTIAL 
EQUATIONS 


u(t) [Lo'(2) HRO) 4 RoG) v (t) = E cosat 
Letting Zv’(¢)-+ Ro(t) equal 0, a solution 


ag 


ER 
is o(A =Ce L; substituting in the first 
R 


- 
equation, RCe ^ uh) =E cos efor 


5 


T 
E sof a te. 


u (t) = 
+D; Saline EM «(m A ekt cos af 


+const. 
DUE eki(k cos a£-]-« sin at) 
g? + £? 


R/R : 
ZG cos x £--« sin a £ 


R 
or u(t) = feTcos at 


+ const. 


E E 
o. A ap Const 


a? +4 
°- ¿=u(0)-o(£) 


R 
Rz AT cos artasina!) cos a tha sin af) 
=CE L T +D 


uF cos g +a a aR 
n AE T 
a T3 
8 y +ay+bx+c=0; let ay Xx dem; 
_du dy . l/dv A, 
LE dx’? de a\dx ) 


1 1 
sae log(^ — av) ae log k 
$3 





av 
log = —ax; b—av = ke7 I% 


à —a(ay +bx+c) =ke-% 


APPROXIMATE SOLUTIONS 


9 y'(x) =3 200 when O EU T 
when unen to :9)* 


3 (2.4) =.608; »' (2.5) =.638 
calculated value for y (2.5) «1.31 


DIFFERENTIAL EQUATIONS 
OF SECOND ORDER 
10 y?+dy=0 Equation 

Solution: y = A ENP sin/bt 

when 20 y yo and y'=0; ... y0o=4 

Or y — o cos4/2t-l- B sinvy bi 

2] e. !=0 = — Y byo siny bt H+BvYb 
i= 

ae 

or B=0 ~. equation y=yo cosybt 





























SOLUTIONS 





DIFFERENTIAL EQUATIONS 


(continued) 


Application 
11 This assumes a charged condenser; 
there is no externally impressed E.M. F. 


In this case PN = OQ. Assume R=0. 


————— 


Q — 4 cos LB sin Zo 
AO 4 GER. 


a ee (ee sin 


di DS Y LC 


TAO ya 
iati=0L= Cee 0 
d 


AEG ^D 
Soe 
A AA 
di = SO COS VIC 

dud 5 

prm va COS VIC 
If the condenser is initially charged 
with a potential Eo, 


ai A 
L(7), o poco 


Multiplying by Z, 


Í 
=10= 3 Eo sin 5-10 —3 


MENSURATION | 


1 10.1009" 10.1600" 
10.1070" 1X0.1000" 
377060997 10.1200" 
10.1007" 10,1000" 
130.1090" 130.5000" 

3 093125" 1x 0.1100" 
10.1005” 1X2.000 ” 
130.1020" 1x3.000 " 

1x4.000 " 

4 39.37" 5 2.013 mph 
6 9815 cm./sec? 7 (a) 144.9! 
(b) 64.4’ 

(c) 16.1 


8 2,898.6 ft./sec. 
9 sp.g. — 7.092 


10 (a) vols=0.226 ft 


(b) wt. =442.5 lb./ft.3 
11 14.24 1b./in.2 


12 (a) 0.314 1b./in2 
(b) 15.0 Ib. /in2 


(c) Pressure in tunnel sub-atmospheric 


13 92,750 in. —lb./piston 
14 (a) 776 H.P. 


(b) Overcoming air resistance 
15 (2) 1,900 EL P. 
(b) 1,417 Kw. 


16 (a) 61H.P. 
(b) 33,550 ft. /sec. 


ANSWERS TO PUZZLE-PROBLEMS IN ISSUE NUMBER EIGHT 


52 Let /=length of stick, A=ht. of room, 
d=diameter of shaft, «= Z stick makes 
with floor. 

h d sin g a 
== TR 
sin a  cos?« 
dl hcos x , d cos æ 


da sin? g 3E Dm 


1S =0, tan? ams, tan a=(5) 
o in a, 

3 2 2 3 
1- G8 483 = Gag 410°) = 39’ 


(by slide rule) 
53 4,004,996 ft. 


55 6-5=wyl1 








CD 


W—YW=WI 


(scan 


DE_DF 
CES 14 
(Each side of the equation expresses the 


Same trigonometric function of the 
same angle.) 


q 














DEE b 
q EE_DF 
“Sen 10 E 
DF-CE 

EF=— y= d 

Add b and d 
DF.CE, DECE 
DEHEF == + 7g e 


But, DE--EF- DF 
Divide e by DF and you will get 


1 CESS or 70= 12 CE 


14 
and CE=5 feet 10 inches 
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SIZES 


NS 0 AURA WH = 


fund. jua 


00] *3 i] Q3 OO] Qt | RO] m EIL, OO] Q9 A], Hal tes 
j ele eu f ewm 


DN NN No No omo xm xn kn punt 
AOS Rol a] e Al Y B2] e aj 00] He 


THREADS 


PER INCH 


n 


Oo - NC (Oo 


Major 


DIAMETER 


(Inches) 


0.073 


TABLE LV 
STANDARD THREAD SYSTEMS 
National Coarse-Thread Series 


DEPTH OF 
THREAD 


h 
(Inches) 
0.01015 

.01160 
.01353 
.01624 
.01624 
.02030 
.02030 
.02706 
.02706 


.03248 
.03608 
.04059 
.04639 
¿04996 
.05418 
¿05905 
.06495 
.07217 
.08119 
.09279 
.09279 
.10825 
.12990 
.14434 
.14434 
.16238 


.16238 
.16238 


SIZES 


jt. fod 


N C 00 C^ GR Wike m C 


Oi] 


Qo] NY H»] Q9 GO] OL = , N] t ma , Œl mejo n 
] SS ly eo eI 


A m 


j= 
NN] pa] CO] = 
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National Fine-Thread Series 


THREADS 
PER INCH 
5 


Major 


DIAMETER 


D 
(Inches) 


02706 
02348 ' 
03248 
03608 
03608 ¿7 
04059 
.04639 
.04639 
05413. 


.05413 


.05413 


DEPTH or 
aped 


(Inches) 


0.00812 
.00902 
.01015 
.01160 
.01353 
.01476 
.01624 
.01804 
.02030 . 
02320 - 


.02320 


.02706 


t 
KF 








a 
p^ 
X as. 
v > 
- i > 
Å f z Vater A 
e : ua £ (R^ | 
bal PA hams A A A A RS A 















== for removed) at any time without 
Se | distur bing the others. 





Size 6% x OY, Inches. Binders oben “fat p. the 
= => parent fasteners’ permit any issue to be Uetreg A 


— Finished in Rich 
Tones of Warm Spanish 
M Leather, Morocco-Grained , 
-and Embossed in 
Black, Brown and Gold ' 


| Will Hold Your | 
Entire Series of 
PRACTICAL - 
MATHEMATICS. 
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Too Goop A BARGAIN TO Last! 


K a special service to members, we had a 
prominent manufacturer especially create 
- this De Luxe Artcraft Binder, to be sold at the- 
ae . extremely low price of 2 for only $1.00. Unfor- 
tunately, wartime shortages limit production of 
these Binders, and we are informed that the only 


— deliveries that can be guaranteed are on orders 
that are placed AT ONCE, while the manufac- 


= turer still has materials. Prompt action on your ` 


E is therefore necessary. 


d our offer i is Sri 


for * a $3 
only value 


a : — : while the. limited 
E E - supply i is available! 








MAIL THE COUPON ATTACHED OR 
.. ORDER ON YOUR OWN STATIONERY 
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1 A 4 
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No matter how fast and Bow thoroughly you absorb 


the instructions in each issue of PRACTICAL MATHE- = E 
MATICS, you will certainly want to safeguard from - 


loss or: damage every single copy. Even years from now, | 
regardless of how far you progress in Mathematics, you - 


will have frequent occasion to refer to this veritable - : 


Encyclopedic Storehouse of Mathematics Instruction. 


By filing the entire series in these De Luxe Artcraft- 


Binders, you may conyert your loose issues into a price- - 
less, up-to-the-minute Ready Reference File of Practical | 
Mathematics—to help you to quick, easy, accurate solu-: 
tion of any mathematical problem that may arise. in 
your work in any field. 3 


A a ee RE EE 


NATIONAL EDUCATIONAL ALLIANCE, INC. 
37 West 47th Street, New York, N. Y. 


1 enclose $1. Please send me 4 PRACTICAL. 


my entire series. of PRACTICAL MATHEMATICS _ 
Lecture-Groups. : 


- Ada o Ses Ss Se E 





(See Other — z- E 


MATHEMATICS De Luxe Morocco-Grained Artcraft = | : 2 
Binders, which I understand are alll need to hold. 


City and States incon ge Sa E E zt 
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Our Member's Service Department repeats this warning sent along by the | 
manufacturer of these binders: Wartime shortages have severely limited pro- 
‘duction. The only binders that can positively be delivered at this extremely 7 
low price are those which are ordered at once, while the manufacturer still 
has materials! | au 
These 2 De Luxe Artcraft Binders e à 
Will Hold Your Complete File of | | 
a$3 = 
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